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**T wish I understood these ‘laws of learning.’ Everywhere 
I go some one refers to them. They sound very imposing 
and mysterious—but do they really amount to anything? How 
did the world manage to get on so long without them?’’ 

**Well, you may be interested in the laws of learning, but 
I’m not. I don’t see the use of teachers worrying their heads 
about psychology. Teaching has to do with children, real live 
children; but psychology is as dead as other things that live 
only in books. Teaching is hard enough and dry enough with- 
out having to learn psychology besides. If I went to summer 
school, which I don’t intend to do, I’d study photography 
or something else interesting, but you’d never catch me in 
educational psychology. Besides, when I go off in the sum- 
mer I don’t want to be always reminded of my work. Septem- 
ber to June is enough for me.”’ 

‘*Yes, we all know how you feel on such matters; but I be- 
lieve one reason why you find teaching dry and hard is exact- 
ly because you don’t study it. At summer school last year |] 
found out so many new things about children and how they 
learn, and heard so much of the plans and experiments of the 
other students, that I could hardly wait for school to begin 
again. I was so eager to see those things in my pupils and to 
try some experiments of my own. You will perhaps say | 
have always liked teaching. So I have in a way, but teaching 
the same way year in and year out was getting to be pretty 
monotonous. Now it’s a different thing. I have more inter- 
esting things to watch than you can imagine. But I must ad- 
mit that I don’t seem to see all my psychology as clearly now 


1 All rights reserved by the author. From Journal of Educational 
Method, Nov. 1921. 
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as when we were discussing it in the class. More difficulties 
have arisen than I ever dreamed of. For one thing the psycho- 
logy seems more complicated, not only when I watch for it in 
my pupils but also when I try to straighten it all out in my 
mind. There’s nothing I’d like better than for us to talk it 
over, but I warn you I’ll raise many questions. For I want te 
know.’’ 

“If psychology or anything else will keep teaching my brats 
from being humdrum, I’ll say, ‘‘ Yes, let’s study it.’’ I am 
willing to listen awhile and see how your discussion starts off, 
but I tell you beforehand I’m skeptical of it all. You don’t 
know my pupils. Psychology may help your nice well-dressed 
children who come from good homes, but it takes something 
stronger for mine. My first step with each new class is to put 
the fear of God in their souls. After that I can sometimes do 
something with them. Perhaps I might even use psychology 
then, if 1 knew enough about it.”’ 

‘““Where shall we begin? Some one suggested the laws of 
learning.’’ 

‘‘That’s my first question: why do you say ‘law’? I know 
you don’t mean that we have to obey Thorndike or whoever 
first made those laws, so why say law?”’ 

‘‘A law of learning is like any law of nature. Newton didn’t 
make the law of gravitation; he discovered it. As I understand 
it, a law of nature is nothing but a statement of an observed 
regularity. Galileo discovered certain laws of falling bodies, 
but bodies fell afterwards just exactly as they had fallen 
before. They didn’t pay any attention to Galileo. He only 
told what they do, regularly do, always do, so far as he could 
tell. The laws were merely exact statements of how bodies 
fall.’’ 

‘‘Well, if that’s all I don’t see the use of laws. Why bother 
with them?”’ 

“‘The use is this: if we know what to expect of falling 
bodies, we then know how to act where falling bodies are 
concerned.’’ 

‘‘That’s nothing but common sense, isn’t it? Where does 
the science come in?’’ 

‘‘Seience is itself nothing but common sense, common sense 
more careful of itself. Science is based on experience just as 
common sense, but it has more exact ways of measuring and 
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of telling. In particular it tries to include many experiences 
under one statement. A law of nature is merely a very in- 
elusive, very careful, and very reliable statement of what to 
expect.’”’ 

**That sounds reasonable, but apply it to our topic. What 
is a law of learning?’’ 

**A law of learning would be nothing but a very carefully 
made and very inclusive statement of how learning takes 
place.’’ 

**Give us one of your laws of learning. I’d like to know 
how learning takes place. Perhaps I’d know better how to 
make my pupils learn.’’ 

**T’ll give you the Law of Readiness: When a bond is ready 
to act, to act gives satisfaction and not to act—’’ 

‘‘Now there you go with your outlandish, jargon. Why 
don’t you use everyday English. Bond! What is a bond?’’ 

**That is the trouble about trying to be exact. As a matter 
of fact I fear I have over-simplified it now. I think, though, 
we'll have to begin further back. We’ll have to get some pre- 
liminary terms or give up the effort to use understandingly 
the laws of learning.”’ 

*“Go on. Only don’t give us too many.’’ 

**Let’s begin with S — R and build up from there. S stands 
for stimulus, or perhaps, more exactly, for situation acting as 
stimulus; and R stands for response. Any act of conduct is 
a response (R) to some sort of situation (S). I hear a child 
erying (S), I stop and listen (R). I meet a friend on the 
strect (S), I say ‘good morning’ (R). My friend sees me and 
hears me speak (S), he responds in like fashion (R). He 
notices that I stop walking (S), he stops(R). I see that he is 
within hearing distance and attentive (S), I speak commend 
ing his address of last evening (R). He hears me speak (S) 
the meanings of my words arise in his mind (R). He appro- 
priates my meaning (S), his face flushes and he feels grati- 
fication (R).”’ 

‘You haven’t said a word about bond or connection. Pleas« 
explain that. I told you I’d raise many questions.”’ 

‘‘Notice the next to the last instance given: He hears me 
speak (S), the meanings of my words arise in his mind (R). 
If he had not in the past learned the meanings of these words, 
my voice would have stuck in vain upon his ears. The meanings 
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could arise in his mind only because in the past he had learned 
to associate thenceforth these meanings with these sounds. 
That is, his past experience had built up somewhere in him— 
in his nervous system, in fact—such connections or bonds that 
when a particular sound is heard (e. g.. my spoken words 
magnificent address), its appropriate meaning arises as a 
thought in his mind. Each such language connection or bond 
has to be learned, that is, built up by and in experience.”’ 

‘*But not all bonds are built up or learned, are they?’’ 

‘*No, that is what I was about to say. My friend flushed 
with pleasure (R), when I commended his address (S). His 
being pleased at commendation and his flushing in connection 
were not learned; these responses are innately joined. Each 
one of us is born with many such responses already joined by 
strong bonds to their appropriate situations.”’ 

‘*What is the — in S — R? Is that the bond connecting 
S and R?’’ 

‘Yes. It is usually better to think of the situation (S) as 
being sized up or received by one nerve structure (or mech- 
anism), the response (R) as made by a second, and the — 
as a third nerve structure that carries the stimulation from 
the strueture (or mechanism) S to the structure (or mech- 
anism) R. There are some difficulties in so simple a statement, 
but we shall not go far wrong so to take it.”’ 


‘“‘Do you mean that this S — R holds of everything we do? 
Everything ?’’ 
“That is exactly what I mean. All conduct of whatever 


kind is so deseribed. Of course some situations are very 
simple, while others are very complex. And similarly with 
responses, some are simple, others exceedingly complex. The 
bonds also vary. Some are so simple, definite and ‘strong’ that 
as soon as the stimulus comes the response follows with almost 
mechanical promptness and certainty. You know how it is 
if one is struck sharply just above the knee cap, the knee 
flexes in spite of anything we can do to prevent it. Other 
connections or bonds are so weak, so little formed, that the 
least little interference will prevent the response. If I ask a 
third grade pupil what is 2 x 2, he will say 4 at once. If I 
ask 7 x 6, he may tell me 42, but he is likely not to feel very 
sure of it. If I] ask 8 x 13, he is almost sure not to know. 
Now it isn’t a question of knowing 42 as a number in and of 
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itself, it is precisely a question of having or not having built 
a bond that joins 42 to 7 x 6, so that: thought of 7 x 6 (S) is 
followed by 42(R). The arithmetic connections or bonds have 
to be built in order to be available for use. I wonder if the 
word ‘learn’ doesn’t begin to take on a more definite mean- 
ing?’’ 

“I see that S — R does join up with arithmetic and lang- 
uage; but does it fit all learning—geography, for example, or 
composition ?’’ 

**Most certainly. If one should ask about the capital of 
North Dakota, some will answer at once; others will hesitate, 
making perhaps several guesses; some won’t know at all. The 
presence or absence of the bond and its strength if present 
tells the tale. So with composition work. One child will leave 
a straight margin to the left of the page, another will write 
as if there were no such thing. The difference is the presence 
or absence of the appropriate bond. One child will join with 
and’s many short sentences. Another will consciously avoid 
it. So with morals. One boy in a tight place (S) will lie 
out of it (R). Another in the same tight place (S) will tell 
the exact truth unflinchingly (R). Everywhere it is a question 
of what bonds have or have not been built.’’ 

‘“Now tell us about readiness and satisfaction and annoy- 
ance. I have them fairly clear, but there are still some diffic- 
ulties.’’ 

‘And others of us know nothing about them as yet.”’ 

*‘Readiness is easier to see than to tell. I like to think of 
it as connected with the degree of stimulation needed at any 
given time to bring about a given response, the greater the 
readiness, the less stimulation is needed. Suppose a small boy 
and a heartless experimenter. One hot day the boy begs for 
ice cream, boasting recklessly that he can eat six helpings. 
The experimenter dares him to do it, saying that he will 
furnish the ice cream. The contest is on. Situation: a plate 
of ice cream before a small boy on a hot day. Response: the 
boy falls with alacrity upon the cream. Readiness is high. 
The second helping finds, if possible, even greater readiness. 
But toward the end of the third plate readiness sharply de- 
clines. The fourth sees readiness reduced to the zero point 
and even below. Readiness then is a condition of the neurone 
measuring the degree of its craving for activity.’’ 
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‘“‘That is clear so far, but are there not other causes of 
readiness or unreadiness?’’ 

‘‘Indeed yes. Fatigue, due to extended exercise, is a common 
eause of unreadiness. (The case above was different. It was 
not so much exercise of jaw or palate nerves as it was fullness 
of stomach that reduced below zero the readiness for ice 
cream.) Preoceupation with something else of an opposing 
kind may also bring unreadiness, as when fear or sorrow cause 
unreadiness for mirth. A most important source of readiness 
is set, one’s mental attitude at the time.”’ 

**T wish you would tell us about set. I have heard so much 
about set and purpose that I just must straighten them out. 
What is the connection between set and purpose? But first, 
what is the difference between set and readiness? They seem 
much alike to me.’’ 

‘‘They are much alike and sometimes confused, but I be- 
lieve we can make a clear distinction between the two. Set is 
broader than readiness. Readiness is best thought of as be- 
longing to one response bond (possibly a compound response 
bond), while set refers to the mind acting more or less as a 
whole (or for our purposes, set more precisely belongs to an 
aggregate of bonds that for the time being have practical 
charge of the person or organism.)! The term mind-set-to-an- 
end brings out perhaps more clearly what I have in mind. 
The emphasis here is on one controlling end which seems to 
possess the mind. The organism is bent or set upon attaining 
this end (typically an external end). The practical relations 
between set and readiness are here most interesting. A boy 
gifted in baseball is anxious that his team shall win in the 
match next Saturday. We may say that he is ‘set’ on winning 
the match. This set reaches out to many allied and auxiliary 
response bonds and makes them ready for the part they may 
possibly play in attaining the end in view. The boy’s ear will 
be ‘wide open’ to hear any useful ‘dope’ on the game. His 
eye will be ‘peeled’ to see the curves of the opposing pitcher. 
This effect is general, the mind-set-to-an-end in fact makes 
more ready all one’s inner resources (response bonds) that by 
previous inner connection seem pertinent to the activity at 
hand. Nor is this all. Simultaneously with passing on readi- 


1 There is still a slightly different sense in which the mind set makes 
one see everything as “roseate” or makes one “blue.” 
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ness to pertinent bonds, this set also makes unready all those 
response bonds whose action might interfere with attaining 
the end in view. The same thing that made our baseball boy 
ready for the necessary practice during the preceding week 
made him correspondingly unready for anything that might 
interfere with that practice. Every teacher knows that little 
study is given to books just in advance of any engrossing con- 
test. Some college teachers say no serious study is possible 
till after the Thanksgiving games.’’ 

‘*You have struck something live now. But you seem almost 
to make a thinking being out of mind-set. It entertains ends. 
It seems to know what will help and what will hinder action 
to these ends. I don’t see what becomes of the person—his 
self, I mean.”’ 

‘‘Your inquiry raises a real difficulty, but it.is a difficulty 
rather of language than of fact, I believe. Suppose a little 
girl walking by a toy shop. Her shoes have been hurting her 
feet. All at once her eyes fall on a fairy vision of a doll. Her 
heart (aggregate of S — R bonds capable of forming a mind- 
set) responds at once. She wants the doll. A set for possessing 
the doll is in possession of the girl. Shoes are forgot, by- 
standers vanish. She and the doll for one brief moment make 
up the whole world, but in another moment the mother is in- 
eluded: ‘O Mother! I want her so much. Please get her 
for me.’ Then that world enlarges to include in succession 
shopkeeper, price, money, possible sources of money, Father, 
Uncle George. A formal analysis will perhaps make clear the 
life history and action of this psychological set: (i) there must 
be available for stimulation certain end-setting-up S — R 
bonds (here the doll-appropriating response and, likely 
enough, bonds for doll-carriages, ice cream, ete.) ; (ii) some- 
thing (here the chance sight of the doll) stimulates one such 
available S — R bond; (iii) a response follows, wherein an end 
is set up (here the strong wish for the doll); (iv) from this 
‘set’ the spread of ‘readiness’ through previously made con- 
nections to allied and auxiliary S — R bonds (here become 
‘ready’ the bonds for asking Father or Uncle George); (v) a 
similar and simultaneous spread of unreadiness to such other 
S — R response bonds as might thwart or unnecessarily post- 
pone the doll-appropriating activities (the pains from the 
shoes are forgot); (vi) then follows the auxiliary action of 
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the most ready of the allied S — R bonds (‘O Mother, please 
get her for me’). Thus instead of using the mysteries of self 
and thinking to explain what has here gone on, we must, I 
think, ultimately explain from the inside and along these lines 
what a self is and how thinking proceeds. But that’s another 
story.’’ 

‘Well, we have to admit that psychology is not as dead or 
dry as I said. But how are you going to use all this? What 
bearing has it on your laws of learning that you began to talk 
about?’’ 

‘‘Possibly when we take them up our digression will be 
justified. Suppose we begin now? Thorndike gives three 
major laws, those of Readiness, of Use and Disuse (or Exer- 
cise), and of Satisfaction and Anoyonce (or Effect). The Law 
ef Readiness follows well what we have been discussing: 
When a bond is ready to act, to act gives satisfaction and not to 
act gives annoyance. When a bond is not ready to act, to be 
forced to act gives annoyance. Think what we have been saying 
about readiness, and see if this law does not sound reason- 
able.’’ 

‘“Why, yes indeed. That boy and the ice cream—as long as 
the ice-cream-eating bonds were ready to act, he got satisfac- 
tion from his eating. And the less ready he became, the less 
satisfaction he got from his eating. I suppose if he had been 
compelled to eat all six plates, it would have proved very an- 
neying. Yes, this law is clear, but I have been wondering if it 
isn’t a kind of definition of what is meant by satisfaction and 
annoyance. What do you say?’’ 

‘‘The question is a very interesting one. I am inclined to 
agree with you. But probably we had better not go into that 
diseussion just now. Fix attention on readiness as a state of 
the neurone (or nerve structure) which disposes it to action, 
then this law throws its light on the meaning of satisfaction 
and annoyance. Probably our general experience has some- 
thing else to add in any particular case. I am inclined to say 
that this law partly defines and partly joins things of which 
we have otherwise independent knowledge. Let us now go to 
the Law of Satisfaction and Annoyance.”’ 

‘*You skipped the Law of Use and Disuse. Do you wish to 
keep the order you first gave?’’ 
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‘*So we did skip it, and I believe it is best to take the other 
first. Before taking it up, consider what we are about. Some 
S — R bonds we bring into the world with us; others and the 
great majority we acquire after we get here. Of the innate 
bonds some fit our civilization and need to be maintained; 
others don’t fit so well, and need to be changed or killed off. 
Acquiring new bonds or changing old ones is what we mean 
by learning. Perhaps our commonest work is strengthening 
or weakening bonds.’’ 

‘*‘What do you mean by strengthening a bond? When is 
a bond strong and when weak.’’ 

‘We strengthen a bond when we change the connection be- 
tween any S and its R so that the response (R) will more likely 
follow the stimulatien (S) or will follow more promptly or 
more definitely. Weakening is merely doing the contrary; 
though often people speak of weakening a bond when they 
really mean strengthening a substitute bond. Of course, ped- 
agogically, this is usually the best way of weakening an un- 
desirable bond.’’ 

‘Can all bonds be changed? Or are there some bevond our 
influence ?’’ 

‘“‘There are some bonds practically beyond the power of 
education to modify. These we call reflexes. They belong 
especially to certain more mechanical actions of the body. Edu- 
cation too has limits fixed for it by nature. Of course then 
when we are speaking of learning we restrict ourselves to 
modifiable bonds.’’ 

‘‘We are ready now to state the Law of Satisfaction and 
Annoyance (or Law of Effect): A modifiable bond is strength- 
ened or weakened according as satisfaction or annoyance attends 
its exercises.”’ 

‘When we had this last summer our instructor led us to re- 
peat many times: ‘Satisfaction strengthens, annoyance weak- 
ens.” And then he would have us repeat the whole law. So 
that in the end we fixed it strongly in mind. It is a great law, 
all right. I never dreamed when I first heard it how much 
help it can give the teacher. But the more I watch my chil- 
dren learning, the more I believe that this law is the very bot- 
tom on which our learning rests and upon which we must base 
our school procedure.”’ 

‘*Let’s go on and see how this law tells us what to expect in 
our teaching.’’ 
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**T believe I see already how it all is going to work out. 
Mind-set-to-an-end is purpose. _ If the child has a strong pur- 
pose, this as mind-set pushes him on to attain his end. This 
mind-set makes ready his inner resources for attaining the end. 
When he succeeds, these ready neurones and the success both 
mean satisfaction; and satisfaction means strengthening the 
bonds used. He learns by doing. His purpose helps him learn. 
It must be so. Mind-set, readiness, success, satisfaction, learn- 
ing—they follow just this way. Am I not right?’’ 


The Project and the Project Method in 
General Science! 


GarRFIELD A. BowvEN, University-School, Cincinnati, Ohio. 
THE MASTER OF PROJECT METHOD. 


In Dole, France, on Friday, December 27, 1822 at 2.00 o’clock 
in the morning, Louis Pasteur was born. The event was un- 
heralded and quite unknown outside of the usual circle of fam- 
ily relatives and acquaintances of the neighborhood. At Vil- 
leneuve 1’Etang on Saturday, September 28, 1895 at 4.40 in the 
afternoon occurred the death of Louis Pasteur. The death of 
the ‘‘First Man of France’’ was lamented not only by the great 
civic and scientific circles but by the lonely shepherd on the 
steeps bordering the foothills of the Urals and the rough ear- 
avan trader of the Orient, in short, from the far corners of the 
earth came expressions of regret mingled with gratitude in 
memory of a common benefactor. Indeed his name had ai- 
ready become a noun or a verb or both in nearly every written 
language. This man had become world famous, world honor- 
ed and world beloved solely by his own achievements. No 
army or navy, no inherited kingship or emperorship, no politica! 
industrial or religious revolution brought about his rise to the 
pinnacle of world recognition,—simply the inheritance of an in- 
tellect which he willed and purposed to the service of humat- 
ity. 

Rene Vallery-Radot, his son-in-law, records that ‘‘he was 
full of projects, and what he called the ‘spirit of invention’ 


1 Presented at the St. Louis meeting of the Central Association of Sci- 
ence and Mathematics Teachers, Nov. 25, 21. 
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daily suggested some new undertaking.’’ The nature of these 

*“‘undertakings’’ are suggested in the following statements: 
l. To establish the truth or falsity of the so galled 
*‘spontaneous generation.’’ 

2. To discover causes and effect remedies for the ‘‘dis- 

eases’’ in vinegar and wines. 

To discover causes and effect remedies for ‘‘charbon’’ 

or splenic fever. 

4. To set forth to the world the ‘‘germ theory of di- 
sease.”’ , 

5. To establish by public experiment at Pouilly le Fort 
the success of vaccination as a preventitive for splenie 
fever. 

6. To make a study of the hydrophobia problem and to 
work out a preventive treatment of rabies. 


-~ 


The above projects in the order stated, associated with in- 
numerable others, presented themselves to the mind of Louis 
Pasteur in the short space of twenty years. Pasteur’s attack 
and successful conclusion of the above ‘‘undertakings’’ so re- 
lated to the surety and happiness of life is well known and 
needs no recounting here, but a resume of Pasteur’s method of 
conducting a research is worthy of serious attention, for by se 
‘‘workings 
of a project method’”’ in the hands of a master workman. 


THE Stratus oF THE HyprRoOPHOBIA PROBLEM PREVIOUS TO 
PasTEUR’s ATTACK. 

The most interesting of Pasteur’s projects in preventive and 
curative medicine is concerned with his investigation of the 
dread disease of hydrophobia in man and rabies in animals. 
Prior to Pasteur’s successful combat, hydrophobia remained the 
most mysterious and most fell disease to which man is subject. 
Homer has a warrior call Hector a mad dog. Aristotle speaks 
of the transmissions from one animal to another through bites 
and says that man is not subject to it. Some three centuries 
later Celsus records ‘‘the patient is tortured at the same time 
by thirst and by an invincible repulsion towards water.’’ The 
historical methods of treating this d'se:se were stupid, tortur- 
ous or criminal. The use of corrosives and various causties 
and the cauterizing of bites with a red hot iron were advised. 
As a cure Pliny the Elder recommended the livers of mad dogs. 
Galen opposed Piiny’s recipe with a compound of cray-fish 
eyes. During the reign of Louis XIV sea bathing heretofore 
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unknown in France, became a fashionable cure of hydrophobia. 
These and many other quack remedies were the vogue. The 
long period of incubation required for the development of this 
disease only added misery and desolation to the un- 
fortunate victims of the bites of rabid animals. They 
were outcasts to whom quarter and comfort were sel- 
dom, if ever, given. In many sections it became the 
eustom to shoot, poison, strangle, suffocate or drown 
persons merely suspected of hydrophobia. As late as 1819 the 
*aris newspapers related the death by strangling and smother- 
ing between mattresses an unfortunate person suspected of 
hydrophobia. In 1831 Pasteur, a child of nine years, witnessed 
the terror spread by a rabid wolf and had seen the wounds of a 
victim cauterized with a red hot iron at the smithy. The cau- 
terized victim lived, but several others after horrible sufferings 
succumbed to the dread disease. Amidst the various research- 
es undertaken by Pasteur one study was placed by him above 
every other, the one mystery of his mind,—the mystery of 
hydrophobia. Yet Pasteur was near his sixtieth year of life 
before he found himself prepared and ready to attack this 
most fateful of all diseases. 


PASTEUR’S ATTACK AND SOLUTION OF THE HYDROPHOBIA PROBLEM 


In the foregoing we set forth the conditions in which Pasteur 
found a research problem. Now let us examine and observe 
the methods of attack, of procedure, of organization and of 
definition that Pasteur employed in order to bring about the 
solution of the problem in hand. Let us observe the advance- 
ment made in each step taken, and how the results obtained at 
each and every step pointed out to his keen and plastic mind 
the next required step and thus to the successful terminatiou 
of the undertaking. The major steps in the solution of the 
hydrophobia problem were as follows: 

1. To begin Pasteur made a study of rabid dogs. Count- 
less laboratory experiments were carried on while mak- 
ing this study of rabid dogs. This first step led him 
to conclude that the virus had its seat in the nerve 
centers. 

2. <A closer study directed at the nerve centers led him to 
inject a portion of the matter of the spinal column of 
a rabid dog into the body of a healthy dog. Results 
of such injections invariably produced the symptoms 
of rabies. 
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3. The next step was to endeavor so to modify and weak- 
en the virus as to enable it to be used as a preventive 
or as an antitoxin. This proved to be a vexing under- 
taking, but after long and serious labor he obtained 
the much desired result, namely an inoculated dog to 
be immune when bitten by a rabid animal. 

4. But this was not enough. Would the inoculation of 
of the attenuated virus have a remedial effect on an 
animal already bitten? A number of dogs were inocu- 
lated, the same number were untreated, and both sets 
bitten by rabid animals. All treated dogs lived; a!! 
the untreated died from rabies. 

5. It was, however, one thing to experiment on dogs, and 
quite another to do so on human beings. Nevertheless 
Pasteur was bold enough to try. The trial was sue- 
cessful, and by so doing he earned the gratitude of the 
human race. 

This simple portrayal of Pasteur’s activities miay be mislead- 
ing to some of us. We may think that the passing from step 
to step was a very simple matter, and that Pasteur saw from 
the beginning a well defined method of procedure, that was 
certain of the desired results. Such was not the case. Each 
step taken was beset with difficulties and obstacles that requir- 
ed a sacrifice of mind and body that few men care to make. 
Literally hundreds of experimental trials and retrials were 
made at every step in order to gain an insight that would 
point out the next successful step. This recital of Pasteur’s at- 
tack, his conquest, and triumphant victory over this disease 
lays before us the ‘‘workings of the project method’’ in the 
hands of a master. 


CHARACTERISTIC OF THE PROJECT METHOD 


Time and space prevent the consideration of the other mas- 
ters in other fields of activity, suffice to say, however, that Ga'- 
ileo, Lavoisier, Davy, Faraday, Kelvin, Ramsay and others ex- 
emplified throughout their lives and undertakings the princi- 
ples of the project method. The method employed by the mas- 
ters is simply a natural method of procedure that may be ana- 
lyzed into the following characteristic stages that are more or 
Jess interrelated than well defined: 

1. A doubtful or perplexed state of mind regarding a giv- 
en question, problem or situation. 

2. <A conviction that the problem or situation is worthy 
and reasonably possible of solution. 
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3. A quest in search of information and experience perti- 
nent to the problem or question in hand. 

4. An establishment of theories, guesses, or hypotheses 
that serves as a means to the end. 

5. An arrangement or a formulation of facts and evid- 
dence that follows through to successful conelusion,— 
a conclusion that dispels the perplexity of mind—a 
conclusion that may or may not be final. 

The identities of the project method as set forth above are 
not only characteristic of the activities of Edison or Michelson 
or Madame Curie, but of children before entering school and of 
children and teachers out of school. In short the project 
method is a natural procedure undertaken by a self willed in- 
dividual or individuals in quest of pertinent information that 
will dispel to a more or less degree a perplexity of mind. 


PRoJEct MerHop DEPENDS UPON THE PURPOSE OF THE COURSE 


Now is it possible to adapt the method of the scientist to 
children pursuing a course in general science? The answer te 
this question is determined solely by the purpose we assign te 
such a course. If we as teachers use the course as an oppor- 
tunity to impart our knowledge of the subject matter or to 
merely interpret some one else’s knowledge of the subject mat- 
ter as set down in a text, we shall have succeeded as haran- 
guers and interpreters to an audience who listens well to day 
and forgets much tomorrow. On the other hand if the purpose 
of the course is to provide and occasion means by which the 
children are stimulated to seek information in the achievement 
of ends sought, then the method of the scientist,—essentially 
the project method,—is adaptable. 





THE NECESSITY OF A SCIENTIFIC ATTITUDE. 


Teachers who are in the habit of assigning so much codified 
subject matter accompanied by a set of formal experiments, 
lecture or laboratory, fail to develop the scientific attitude in 
their pupils. A course in any science that makes no provision 
for initiative on the part of the pupil, no provision for the se- 
lection of facts according to their value, no provision for trial, 
no provision for creative thinking can never boast of imparting 
to the least degree the spirit of scientific attitude. Without a 
development of a scientific attitude how can there be growth of 
power in the judgment and appreciation of values? Without 
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the scientific attitude how can there be any desire for nice dis- 
criminations,—accurate selection or rigid elimination? 


THE PROJECT. 


Thus far much has been said about the project method and 
little about the project. This condition of affairs is deliber- 
ate. For the writer contends that if one is familiar with the 
project method, the concept of what a project is and what a 
project is not is quite obvious. So long as Pasteur viewed 
from a distance the hydrophobia problem it remained a prob- 
lem. But the moment that he challenged the problem, the mo- 
ment that he began to investigate it in its own field of action, 
the moment that he began to define it or establish an hypothe- 
sis concerning it and to draw conclusions which would verify 
and thus directed his labors to bring the undertaking to a suc- 
cessful conclusion, that moment the problem became Pasteur’s 
project,—Kilpatrick would say ‘‘the purposeful act’’ of Pas- 
teur. In the pursuit of this project Pasteur consumed a great 
deal of time and energy, indeed at one stage of its dvelopment 
Pasteur found himself physically wrecked and invalided, yet 
he prevailed and succeeded to drive the undertaking to a sue- 
cessful conclusion. This element of success has become identi- 
fied as a fundamental of the project. Again Pasteur pursued 
his project in surroundings that were wholly fitting to the 
question in hand, that is the setting was natural. In summary 
then a project is a ‘‘purposeful act’’ pursued in a natural set- 
ting to a successful conclusion. 


ForMAL MetrHops VERSUS THE ProJect METHOp. 


From the foregoing considerations we readily see that there 
is nothing new in the project or project method. Indeed it has 
been used to a greater or less extent throughout the schools of 
the land by teachers who sought to inject into their several 
courses an actuality and a worthiness of enterprise that could 
not thus be obtained from the old and time honored methods 
known as topic, problem and question. The teacher of general 
science may assign topics on ventilation from the text in hand, 
from references, or, in fact, may develop the principles from 
drawings on the board or chart and require the pupils to ae- 
quire a mastery of details and principles thus assigned and 
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presented. This method of procedure is convenient, and it is, 
indeed, quite the habit. It is not problematical to say that the 
majority of the children have had no previous interest in the 
topic or subject thus assigned,—no ‘‘set of feeling’’ of decided 
worthiness established in behalf of the question in hand. How- 
ever the discipline of the school demands preparation, and pre- 
paration of it is of an artificial sort. 

On the other hand the teacher may do the more natural thing 
which is that of having the pupils and himself observe and 
make a study of the ventilation of the room in which they find 
themselves situated, and from thence to that of the building in 
which the room is located. This sort of procedure arouses an 
interest that aids to establish a ‘‘set of feelings’’ for the thing 
in question. Such a ‘‘set of feelings’’ usually urges the pos- 
sessor to seek further satisfaction by continuing the investi- 
gation of the affair. Such pupils will of their own accord in- 
vestigate the home heating plant and modifications of the same 
as found in various other types of buildings. Im fact if the 
teacher is in the habit of approaching the situations and prob- 
lems of the course by examining the situation or problem as it 
exists in the child’s environment,—home and community,—the 
ehild soon forms the habit of ‘‘carrying on.’’ A multitude of 
minor and personal problems will occur to him. Some of these 
problems will be found worthy of acceptance, investigation, 
definition, indeed they will have become ‘‘purposeful activi- 
ties.’’ As such a course proceeds the spirit of inquiry develops 
as a logical sequence. 

The results obtained from this latter method of procedure 
are denied and contested by those teachers who have always 
made use of the more formal and time worn method of demand- 
ing a knowledge of fact and principle in priority of a study of 
the situation or problem in its natural setting. The course that 
demands priority of fact and principle seldom, if ever, develops 
a scientific attitude. Indeed, why should it? The child who 
finds himself in such a course has no need or use of a spirit of 
inquiry, for fact and principle are learned from the first, and 
hence the fact or principle becomes for the child a sort of a 
fairy wand which, when applied with proper rite and due cere- 
mony, dispels or transforms the problematic situation that 
arises later. Such a child has had his intellectual appetite sat- 
isfied with no accompanying mental digestion. 
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A Backerounp THat Fosters a Spirit or Inquiry Is NECESSARY. 


Teachers who have never used the project method in the 
sciences should not attempt the method on a twenty-four-hour 
decision. The project method requires preparation, tact anil 
patience. At first the results are discouraging. The pupils 
have been and are pursuing courses in other branches that are 
largely formal, and the pupils are so accustomed, and hence their 
conduct in which a project method is used for the first time is 
not one from habit. Right habits and attitudes will develop in 
direct proportion to the development of a spirit of honest in- 
quiry into the how and the why of things. At first the back 
ground of the course should give rise to simple problems in 
which the pupil sees a possibility of solution and a worthiness 
of pursuit. The following exemplifies the point.in question and 
is a verbation copy of a reported activity of one of the girls of 
the eighth grade general science course in the University-School 
at Cincinnati. The problem arose out of a background that 
had to do with clothing materials. 

A aie Wan University-School 
Grade 8 General Science. 


HEAT CONDUCTING PROPERTIES BY WOOLEN AND COTTON 
MATERIALS. 


The question was put before the class ‘‘ Which is the better 
material for winter wear,—wool or cotton?’’ Deciding to find 
out I took two similar tin cans, a piece of serge and piece of 
gingham,two corks and two thermometers. 

I took the cans, put a hole in the top and also a hole thru 
the corks by means of a file. I then put on the lid of each can 
and put two layers of serge around one can and two layers of 
gingham around the other, also over the tops and bottoms, leav- 
ing a space in the top of each directly above the holes so that 
I could put in the cork and the thermometer. Then I took a 
funnel placed it in the hole and poured the same amount of wa- 
ter in each. 

I then pushed a thermometer through each cork and put z 
cork in each hole. The readings were: 
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Date Time Cotton Wool 
Oct. 22, 1921 3:47 83°C 82.5°C 
4:32 61 63 
5:10 52.5 57 
6:07 44 50.5 
7:05 37 45 
8:17 31.5 41 
9:26 27 89.5 


In 5 hours and 39 minutes the can with the cotton material 
dropped 56°C. and the can with the wool dropped 43°C. Alto- 
gether the can with cotton dropped 13°C. more than the can 
with wool. 

Conclusion: Cotton is a much better conductor than wool. 
This also explains the reason why we wear clothes of cotton 
materials in summer rather than woolen ones. It also answers 
a question I saw the other day about firemen wearing woolen 
shirts in summer time. The fires that they tend are hotter than 
their bodies. The woolen shirts are poor conductors and keep 
the heat away from their bodies. 

While the above exposition of affairs is somewhat awkward, 
it sets forth an order of events that is unmistakable and 
worthy of merit. A mastery of simple perplexities lays a basis 
for the attack and mastery of the more complex. If a pupil 
fails 1o master a task set forth by another the failure is often 
excusable, but when a pupil undertakes a self set task and fails, 
his self confidence is weakened, especially so, if the background 
from which the problem sprung held forth glittering possibili- 
ties that were from the first untenable. A course in projects 
does not mean the complete elimination of the topic, question 
and problem methods of instruction, these latter methods are 
enriched and made more possible when preceded or accomp- 
anied by related projects. In setting forth a course in general 
science by means of projects the teacher is the skilled tactician, 
the silent general who guides and directs the uninitiated from 
the mastery of simple mysteries of life and nature to those 
more complex. Serfs and slaves had their tasks assigned, and 
moreover task masters set over them to drive them to the con- 
elusion of the task,—not their task. When ‘‘knighthood was 
in flower’’ this condition of affairs was acceptable. But in a 
democracy the demands for practical efficiency and of moral re- 
sponsibility make imperative the self purposing individual. 

















A Survey of the Status of General Science 
in California 


Wu S. Keiuoce, Dept. of Science, High School, Stockton, 
Calif. 
INTRODUCTION 


One of the subjects on the high school curriculum which to- 
day is receiving a great deal of attention is general science. 
Educators feel that the course is not proving adequate as a first 
year science course. 

General science was added to the curriculum because of the 
demand for a course which would give to the masses of the 
students, who do not reach the last two years of high school, 
an insight into the great field of science. As never before iu 
the history of the world it is necessary that all men have some- 
thing of a scientific knowledge but above all else a scientific in- 
terest and aptitude. 

In making a survey of the general science situation in Illi- 
nois, Mr. C. F. Miller received the following criticisms of the 
eourse as it is now taught! :— 

‘‘A piecemeal mixture of science, still kept distinet. 

Course unbalanced, lacks unity of organization. 

Emphasis placed by teachers or authors on special lines 
of enthusiasm. 

Too difficult—not adapted to the age of the pupil. 

Laboratory equipment not standardized. 

Lacks consciousness of a general aim. 

Lacks properly prepared teachers. 

Teachers do not have the general science attitude. 

General science teachers should be the most resource- 
ful teachers in the faculty, and this type is difficult 
to find. 

10. It is not accredited.’’ 


With such criticisms as these in mind a survey of the status 
of general science in California was made under the direction 
of the Bureau of Research in Education of the University of 
California. In making the survey the three problems of the 
preparation of the teacher, the content of the course, and the 
methods used were considered. 

General science has been recognized by the high schools 
There are 337 high schools in California and statisties gathered 
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by Mr. M. A. Rice of Ginn and Co. show that 92% of the high 
schools offer a course in general science. Furthermore all the 
universities of the State accept general science for entrance 
credit. 

Early in Feb. 1921 a questionnaire was sent out to the teach- 
ers of general science in California. By the end of May re- 
plies had been received from 154 teachers, making approxi- 
mately a 55% reply. The following table shows the results as 
to sex :— 


No. of teachers Percentage 
Male 85 55% 
Female 69 45% 
Total 154 100% 


In order to collect and correlate the data from the question- 
naires they were first divided according to the type of school 
they represented, placing all schools having an enrollment of 
500 or more in Class a, those of 100-500 in Class b, and those of 
less than 100 in Class c. 

Sinee the survey was made with reference to the three 
points,—the preparation of the teacher, the content of the 
course, and the method of general science, the results will be 
considered in these three groups. 


Part 1 THe PREPARATION OF THE TEACHER. 

One of the trite criticisms against general science is that it 
is not being taught by science teachers but by anyone to whom 
it may be assigned by the principal in his ‘‘final agony’’ in ar- 
ranging the schedule of classes. In the past perhaps this was 
true but the results of the questionnaire show that, in Califor- 
nia, general science is being taught by science teachers who 
have had a fairly broad preparation in science, since 56% of 
them teach science only and 81% teach science with or with- 
out any other subject. Of the remaining 17% a large num- 
ber have the combination of general science and mathematics 
and probably as well trained for science teaching as many of 
those among the 81%. 

Every teacher of general science should have specialized in 


one or more of the following subjects: chemistry, physies, or a 


biological science, either botany or zoology and should have 
made a study of at least the elements of three other elementary 
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sciences such as biology, physiology, zoology, physical geog- 
raphy, geology, astronomy, and anatomy. 

The results point out that 85% of the teachers have this re- 
quired specialization and that 95% of the teachers in the 
schools of class a, 88.6% of the teachers in the schools of class 
b, and 80.6% of the teachers in the schools of class c have 
studied six or more of these elementary sciences. 

But the teaching of general science requires also a knowl- 
edge of certain applied sciences, such as bacteriology, ento- 
mology, forestry, mineralogy, and agriculture. Every teacher 
of general science should have made a careful study of one or 
more of these sciences. 

That the teachers have a fairly good preparation in these 
special sciences is indicated by the fact that 71% of the teach- 
ers in class a, 62.4% in class b, and 53.6% in class c are pre- 
pared in three or more of these sciences. The class a schools 
both in this regard and in the preparation in the elementary 
sciences naturally have the more experienced and better train- 
ed teachers. 

The following are suggested as the requirements for certifi- 
cation for a minor in general science: 

1. Prerequisite for certification :— 
Major in one of the following: chemistry, physies, 
botany, zoology. 


bo 


Courses :— 

(a) Teachers course in general science. 

(b) A general (laboratery and lecture) course in 
three of the following: astronomy, biology, botany, 
chemistry, physics, geography (physical), geology, 
physiology, zoology (not including the major). 

(ec) A general (laboratory and lecture) course in 
one of the following: agriculture, bacteriology, 
entomology, forestry, meterology, mineralogy. 


General science will naturally be a minor but, as the above 
outline shows, should be accompanied by a major in one of 
the four sciences named as prerequisites. However, certifica- 
tion in majors or minors will not have full meaning until the 
teachers certificated are limited in teaching to the majors or 
minors in which they are prepared as is suggested by Will C. 
Wood in the 29th Biennial Report of the State Superintendent 
of Publie Instruction. 
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Given this technical training in the sciences, a teachers 
course in general science, a general training in English, the 
social sciences, psychology, and pedagogy, along with a reason- 
able amount of common sense and the teacher ought to be 
successful in handling the course in general science. 


Part II THe ContTENT OF THE COURSE. 


In order to learn something as to the content of the general 
science course data were gathered regarding the text books in 
use. Even in general science the text book will always be an 
important factor. The majority of the teachers do not have 
the time to work out independent courses based on references 
and the average teacher does not have the ability to do so. A 
study of the text books in use gives a fair notion of the con- 
tent of the course. 


TExT Books IN USE 








Name of text No. of teachers scoring 
School class 
a b c total 

General Science 

Caldwell and Eikenberry 7 23 19 49 
Everyday Science 

Snyder 14 20 14 48 
General Science 

Lake 1 6 3 10 
General Science 

Elhuff 1 5 4 10 
Elementary General Science 

Hodgdon 5 3 1 9 
The First Year of Science 

Hessler 4 3 0 7 
An Introduction to Science 

Clark 2 3 9 5 
Introduction to the Study of 
General Science 

Smith and Jewett 0 3 2 5 
Science of Home and Community 

Trafton 0 2 0 2 
First Course in General Science 

Barber 0 1 0 1 
The Science of Everyday Life 

Van Buskirk and Smith 1 0 0 1 
No text used—original outline 
and references 4 3 0 7 

Totals 39 712 43 154 


One of the questions called for a ‘‘list of ten words of gen- 
eral scientific interest which a pupil having completed the 
course in general science should be able to answer.’’ The vo- 
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eabulary lists brought in a total of 335 words only 12% of 
which were repeated 10 times or more. This showed a great 
lack of uniformity of emphasis which might have been less 
marked if the number of words asked for had been greater. 

However the vocabulary lists showed that there is a tendency 
to build up the course about the principles of the five sciences 
—biology, physics, physical geography, chemistry, and astron- 
omy, laying especial stress upon the first two. 

The following table, giving the number of words in the list 
and the percentages representing each of the five sciences men- 
tioned above, contains results which are of especial interest 
because of their close resemblance to the results obtained by 
Trafton when he examined seventeen texts in general science 
from the standpoint of content.! 





Science No. of words percentage Trafton’s results 
(% of pages in 
_ 17 texts) - 
Astronomy 20 5.9% 2.9% 
Biology 122 36.4% 38.7% 
Chemistry 33 9.9% 10.3% 
Physics 113 33.7% 33.5% 
Physical geography 47 14.1% 14.6% 
Totals 335 100.00% 100.00% 


The results of the questionnaire and a study of the lates! 
texts show that there is a tendency to get away from that type 
of general science which simply aims to introduce the pupil to 
the elements of the various sciences. A standardized course in 
general sceince is being built up about certain well defined 
principles of everyday life such as :— 

The air:—its properties and uses. 
The water supply and sewage disposal. 
Food :—sources, functions, ete. 
The weather. 
Heating and ventilation. 
Principles of lighting. 
Protection.—home and clothing. 
Health and sanitation. 
Science of commerce and industry. 
10. Life problems :—reproduction, heredity, selection, etc. 

General science is thus becoming a specialized science and is 
giving up the term General science to acquire the name of Civic 
or Environmental science. 


$2 GO SI ON G9 PO 
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Part III] THe MetTHops InN GENERAL SCIENCE. 


General science should be taught, as far as possible, by the 
inductive method, making large use of the laboratory, which 
may be a room in the school building, a factory, a garden, the 
open fields, or any place where thru investigation and experi- 
mentation the pupil may gain a knowledge of science and 
scientific methods. 

The questionnaire showed that, as a rule, the teachers have 
no set number of periods per week set apart for laboratory 
work but let the use of the laboratory depend upon the nature 
of the problem under consideration. The most popular ar- 
rangement of periods for laboratory work seem to be divided 
hetween two 40 minute periods and two 80 minute periods per 
week. To be-really effective general science must be accord- 
ed the same type of schedule which is usually given to chemis- 
try and physics. A single 40 minute period is not sufficient 
time for the pupil te perform an ordinary experiment, draw 
his conclusions, and record the results. 

A mixed schedule of three 40 minute periods and two 80 
minute periods per week would make general science a real 
laboratory science. This plan has been made possible thru the 
installation of a schedule of classes which allows all first year 
classes a mixed schedule of single and double periods which so 
overlap that there is no conflict. 

For example, general science and community civics could be 
placed on the schedule in such a way that there is one period 
separating them. This period could then, on certain days be 
added to the general science period and on other days to the 
community civies period to be used by the latter class in pre- 
paring reports, surveys, ete. Of course there arises a conflict 
as to which class will get the odd day but it could arbitrarily 
be assigned to either class or an arrangement of alternate 
weeks could be made to equalize the time. 

3ut, granted a liberal time for laboratory work, the general 
science course will always be handicapped until special gen- 
eral science laboratories are provided and equipped with suit- 
able apparatus and with shop conveniences where apparatus 
can be constructed by the teacher and the pupils. Many teach- 
ers placed this as the greatest need that they had in order to 
make their work more successful. Trying to work in the 
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chemistry or physics laboratories and using their apparatus is 
far from satisfactory, especially where general science is not 
taught by the same teacher as chemistry and physics. 

The newer buildings have met this need but to make the 
work more successful the other schools must provide genera! 
science laboratories. 

The body of the course in general science must be a set of 
projects and experiments which have been carefully planned 
so as to develop certain facts and principles rather than simply 
to supplement and illustrate the text or reference materials. 
The latter should be used, as far as possible, merely to aid in 
the discussien which follows the investigation and experimen- 
tation in the laboratory or field. 

One of the greatest problems in method is the use of pro- 
jects. Altho the questionnaire showed that a large percentage 
of the teachers were using projects yet there was considerable 
misunderstanding as to their meaning. 

Perhaps the best definition of a project is that it is ‘‘a prob- 
lematie act carried to completion in its natural setting.’’ Dr. 
C. R. Mann says that a project may be characterized (1) ‘‘as a 
desire to understand the meaning of some fact, phenomenon, 
or experience. This leads to questions and problems. (2) A 
conviction that it is worth while and possible to obtain an un- 
derstanding of the thing in question. (3) The gathering from 
hooks, experiences, and experiments the needed information 
to answer the question at hand.’’ 

The project is an excellent means of motivation in class 
work. Having successfully completed one project, the pupi! 
will want to solve others and will thus have made a step to- 
wards acquiring that scientific attitude and interest which wil! 
make texts useless except as valuable books of reference. 

Projects may be classified, according to the method of pro- 
eedure, into four groups, namely :—surveys; collections and 
exhibits; observational and experimental projects; and con- 
structional projects. A list of characteristic projects which 
are being used by the teachers of California is appended. An- 
other valuable list is found in the Report of the Committee on 
the Reorganization of General Science in Minnesota.! 

The text, T'lve Science of Everyday Life, by Van Buskirk and 
Smith (Houghton, Mifflin Co.) is not only worked out on the 
project-problem plan but gives suggestions as to a number of 
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individual and class projects. Snyder has lately added a set 
of home projects to his text, Everyday Science. (Allyn, Bacon 
Co.) 

In a earefully planned course all the work will be grouped 
under certain projects, the solution of which depends upon the 
collection of certain data through a series of problems. For 
example, the project, ‘‘What is the relation of air to fire and 
breathing?’’ might be solved through a series of problems bas- 
ed upon the burning of a candle; the composition of air and 
the properties of the constituents; products of the combustion 
of wood; fuels—kinds, sources, ete.; breathing—the air we 
breathe in and the air we breathe out; physiology and hygiene 
of respiration and its relation to the circulation; artificial res- 
piration. 

Too great a school use of the ‘‘hit or miss’’ type of home 
project, such as, the removal of stains, softening of water, re- 
pairing of electrical appliances, ete., is not advisable, unless 
an attempt is made to understand the underlying principles, 
and unless they are definitely related to the larger projects of 
the eare of the clothing, the home water supply, ete. Without 
such a relation they are apt to become superficial because they 
are based on the passing whims and fancies of the pupils. 

However, the schools should encourage the pupils in defi- 
nite and more or less extensive home projects which they them- 
selves have purposed and which lead to results of real value. 
For example, if a boy is working on wireless at home, or is in- 
terested in the raising and breeding of rabbits, he should be en- 
couraged and helped in such a project. If a girl has an inter- 
est in a home garden, the raising of certain type of plant. 
such as a chrysanthemum, she too should be encouraged and 
helped. Those pupils who have no interest or hobbies should 
be studied and if possible, be led to become interested in some 
worthwhile project. 

From time to time there should be consutations between the 
pupil and the teacher. When the project has been success- 
fully worked eut, each pupil should make a detailed report to 
the class, making use of pictures, diagrams, demonstrations, 
and exhibits. Nothing is more satisfying than accomplish- 
ment, its demonstration and appreciation. 

The class as a whole should work out a limited number of 
special group projects. Every class in general science should 
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visit and make a detailed study of as many of the local indus- 
tries as possible, such as, the gas works, the water works, the 
ice plant, factories, ete. A few well planned and carefully di- 
rected surveys should be made, such as:—(1) Community 
health and sanitation survey; (2) Agricultural survey of the 
community; (3) A general survey of the local industries; 
(4) Survey of the local sewage system. Every class, if so lo- 
eated as to make it possible, should collect, mount, and learn 
the common and family names of the local wild flowers. Cer- 
tain pupils will find an interest in collecting rocks and miner- 
als, or insects, or in preparing exhibits of local tree life, means 
of seed dispersal, ete. 

The value of these projects, which take the pupil away from 
the artificialties of modern life, cannot be over estimated. In 
our efforts to make education practical we aré forgetting tv 
put into it those broader, humanizing influences without which 
life is sordid and narrow. In my work I have seen boys and 
girls, who were considered the ‘‘bad boys and girls’’ of the 
school, take on a new attitude after they have become inter- 
ested in wild flowers, butterflies, ete. 

The future general science course will, thus, be built up 
about certain well defined projects, aimed to give the pupil a 
knowledge of his environment, an idea of the use of scientifiz 
methods, and a greater understanding and appreciation of the 
laws and phenomena of nature. There is nothing new in the 
use of projects. It has been the method of scientists for hun- 
dreds of years and is found as an important factor in the de- 
velopment of all modern business, commerce, industry, and in 
facts, all phases of modern life. It should be the method of the 
schools. 


Part IV A Few Spectat SUGGESTIONS, 


Finally, let us mention a few special factors which may 
prove of value in making the course in general science more 
worthwhile. Many interesting and valuable suggestions re- 
ceived through the questionnaire. A few of the best were as 
follows: 

1. Have a question box into which during the week the pup- 

ils may drop questions of scientific interest and on Friday 

a few minutes can be used in discussing them. 
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2. Develop a school museum. 

3. Have a science bulletin board upon which notices may 

be posted as well as articles of scientific interest. 

4. Have regular periods during which scientific magazines 

and current scientific articles can be discussed. (Popular 

Science Monthly, science department of the Literary Digest, 

ete.) 

5. Serap books may be made featuring animals, plants, in- 

sects, glaciers, electrical contrivances, astronomical pictures, 

ete. 

6. Organize each general science class into a General 

Science Club to meet regularly in order to take up the dis- 

cussion of scientific topics of interest to the pupils. 

7. Organize a strong General Science Teachers Association, 

both local and state-wide, to hold regular meetings at which 

the various phases of the work can be presented and dis- 
cussed. 

8. Develop a set of standardized pedagogical tests in gen- 

eral science. 

A brief discussion will be given to each of the last three 
suggestions. 

In ‘‘Demoeracy’s High School’’ there could be no better 
training for the duties of citizenship than through the activi- 
ties of a well organized club. Mr. F. W. Murphy in the Gen- 
eral Science Quarterly for January, 1920, gives a very good dis- 
cussion on ‘‘Science Clubs That Work.’’ ‘‘One day each week 
the ninth grade classes in general science are conducted as 
elubs. As soon as the class comes in on that day, it becomes, let 
us say, The Edisonian Science Club, and is immediately turned 
over to the president of that club who takes charge and directs 
the activities of the club.’’ Following the transaction of the 
regular club business, a talk is given by one of the members on 
some topic which has been previously chosen, such as:—Com- 
mercial aeroplanes; Lives of great scientists such as Galileo 
Newton, Edison, ete.; radium; jelly making; is Mars inhabit- 
ed? ete. Following the talk there is a general discussion. 
This gives an opportunity for the discussion and demonstra- 
tion of the results of the special projects in such a way that 
they will have an added interest and meaning. 

One of the greatest needs of education is for a higher pro- 
fessional spirit among the teachers. Our state and county 





| 








2 mn ee 





STATUS OF GENERAL SCIENCE IN CALIFORNIA 383 


teachers associations are doing a great work in this line. But 
within them there should be more organizations of teachers in 
the various branches of the work. The general science teach- 
ers should be organized, both locally and state-wide, to meet 
regularly to take up and discuss the various problems of the 
work. Through such an organization much of the misunder- 
standing regarding the purposes, content, and methods of gen- 
eral science could be cleared up and a greater degree of stand- 
ardization could be reached. 

One of the problems, which today is of paramount interest 
to educators, is that of standardized tests. This problem has 
arisen through a realization that our methods of evaluating 
both the mental growth of the pupil and the werth of a given 
course in bringing about that growth have not only been very 
indefinite but extremely inaccurate. 

Fairly successful tests have been worked out in such sub- 
jects as spelling, reading, writing and mathematics, but in 
science little has been accomplished. In the field of genera! 
science are found two tests: 1. ‘‘A Range of Information Test 
in General Science’’! by G. M. Ruch of the University of Ore- 
gon; and 2. ‘‘A Standardized Test Information and Thought’’” 
by Paul Maxwell. 

There is a need for a great deal of research in this line. 
Through a committee of interested general science teachers a 
set of standardized tests in general science could be worked 
out to test the three mental characters especially developed 
through science training, observation, memory, and reason. 
Such tests would include not only a vocabulary test and vari- 
ous information tests but also carefully chosen achievement 
tests in observation and reason, such as Dr. Otis W. Caldwell! 
used, in his survey of the science work of the Gary Publi« 
Schools. 

In conclusion, let us say, that the general science course of 
the future will be a specialized course built up about certain 
civic and environmental factors, taught largely as a laboratory 
science by teachers who are specially trained for the work. 
Its purpose will not be to introduce the pupil to the various 
branches of science but to give him a clearer understanding of 
his environment and an increased ability to make use of this 
environment. 


1 General Science Quarterly Nov. 1919. 
2 General Science Quarterly May 1920. 








Characteristic Projects Used by the Teachers of 
General Science in California 


Wu S. KE.uLoae, Stockton, California. 


(Classified according to the method of procedure) 
lL. Surveys 


1. 
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13. 


Visiting and making a detailed study of individual 
local industries, such as:—water works, gas works, 
ice plant, ete. 

General survey of local industries. 

Study of local water supply. 

Study of local sewage system. 

Study of local transportation facilities, land, water 
and air. 

Community health and sanitation survey. 
Agricultural survey of the community. 

Survey of local irrigation and drainage projects. 

The school ventilation and heating system. 

Study of hydro-electric power site. 

Survey of local harbor conditions and possibilities. 
Scientific study of the conditions which have made 
(city name) the center of industry in 
the United States. 

A study of County. 

1. Topography. 

2. Industry. 

3. Plant and animal life. 








IJ. CoLLecTIONS AND EXHIBITS 


a. 
b. 


Collection and study of local rocks and minerals. 
Collection and study of local wild flowers—pressing, 
mounting on cards or on simple herbariums, learning 
the common and family names. 

Preparation of an exhibit of local trees—photographs 
of characteristic trees, cross and longitudinal sections 
to show bark and wood, collection and preservation 
of flowers and seeds showing methods of seed disper- 
sal, account of commercial use of the trees. 
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d. Collection and preservation of insects, butterflies, and 
various other animals for private and school mu- 
seums. 


III, OBSERVATIONAL AND EXPERIMENTAL PROJECTS 
1. Home or school garden. 





2. Growing of some one plant. 
3. Study of local soils—their characteristics, origin, uses, 
ete. 


4. Observation and recording of local weather condi- 
tions and the correlation of same with cyclones and 
anticyclones. 

5. Fertilizer experiments to determine the nature and 
amount of plant food needed for the growth of plants. 

6. Tracing the movements of Venus, the Moon, ete. in 
relation to the earth. 

7. Observations of and charting of the stars and plan- 

ets. 

Milk testing. 

9. Human foods—simple tests, ete. 

q 10. Preservation and sterilization of foods. 

11. Textiles and simple textile testing—methods of dye- 
ing, removing spots, cleaning, ete. 

12. Identification and testing of acids and basic materials 
in the home. 

13. The fly—life history, relation to disease, methods of 
control. 

14. The mosquito—life history, relation to disease, how 
to control. 

15. Development of human shelter. 

16. Detailed study of an automobile from the standpoint 
of the four simple machines, the gasoline engine, igni- 
tion system, ete. 

[ 17. Experimentation and practice in photography. 

18. Development of the embryo in an egg to the full 
grown chick. 

19. Electrical appliances in the home. 

| 20. Methods and practice in budding, grafting, and 


go 


pruning. 
21. The National Forest—history, establishment, location, 
methods of conservation, uses, ete. 
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22. Construction and care of a balanced aquarium. 
23. Home planning and construction. 
24. Study of electric bell systems and their installation. 


IV. CoNSTRUCTIONAL PROJECTS 
1. Making an electric motor. 
Making a telegraph line. 
Making a bird house. 
Making fly traps. 
Making fireless cooker. 
Making iceless refrigerator. 
Making a bow! of Portland cement. 


OP wo 


Are Any Principles of Organization of General 
Science Evidenced by the Present Textbooks 
in the Subject? ! 


Apa L. WEcKEL, Head Biology Department, High School, Oak 
Park, Illinois. 


General Science has existed for a number of years, and it has 
attained a legitimate place in the curricula of many of our best 
high schools. After long experimentation, an introductory 
course in the scientific study of common things is now general- 
ly recognized as an essential part of the educational opportuni- 
ties of our secondary schools. 

Since its introduction into the schools, enough time has 
elapsed to enable us to consider that the period of experimen- 
tation has passed. Out of these years of experimentation, some 
definite opinions have crystallized. These are indicated by the 
organization of the courses in the textbooks of General Science, 
and by the results which several investigators have obtained 
from questionnaires filled out by many of our best science 
teachers. 

Many administrators, and some science teachers, too, are not 
aware of the uniformity which occurs in the content of the 
courses given in the textbooks of General Science. This uni- 
formity is due, I believe, to the fact that the authors are agreed 
on the dominant aims and purposes of the subject. An exami- 





1 Paper read before the General Science Section of the Central As- 
sociation of Science and Mathematics Teachers, St. Louis, Missouri, No- 
vember 26, 1921. 
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nation of the prefaces of our best textbooks shows that the 
aims of the writers are essentially the same as those of the 
science teachers who replied to a questionnaire sent out by Mr. 
C. M. Howe of Hughes High School, Cincinnati in 1918, and to 
another sent out two years ago by a Committee on Reorganiza- 
tion of General Science of which Mr. Fred Barber was chair- 
man and of which I was a member. 

In the judgment of the eighty teachers of science who re- 
plied to Mr. Howe’s questionnaire, the three leading aims in 
the teaching of General Science in the first year of the high 
schoo] should be to give each pupil: 

1. Understanding, appreciation, and control of his every- 
day environment ; 
Appreciation of the applications of science in indus- 
trial and social life; 
3. A fund of valuable information about nature and 
sciences.” 


a 


The dominant purposes, then, of General Science as deter- 
mined by these three leading aims is to give each pupil the 
greatest possible understanding, appreciation, and control of 
his every day environment; to acquaint him with some of the 
most important industrial and social applications of science ; 
and to furnish as wide a fund of information about nature and 
science as time permits. 

In the questionnaires sent out by the Committee on Reorgani- 
zation of General Science, teachers were asked first to rank in 
order of their importance the three following aims: 

1. The problem seeing and the problem solving aim; 

2. The knowledge aim; 

3. The appreciation aim. 
Second, they were asked to rank in order of their importance 
six ‘‘additional aims’’ which were similar to the ones which 
Mr. Howe had previously used. 

From the results obtained in this investigation, it was found 
that teachers ranked the first set of aims in the following or- 
der: 

1. Problem seeing and problem solving aim; 
2. Knowledge aim; 
3. Appreciation aim. 





2 From C. M. Howe, Can and Should General Science be Standard- 
ized? School Science and Mathematics, March, 1919, pages 248-255. 








388 GENERAL SCIENCE QUARTERLY 


From the six ‘‘additional aims,’’ the three which were select- 
ed as being the most important were the same as the ones which 
Mr. Howe found were considered of first importance. The 
ranking of these three aims was also the same for both groups 
of teachers. 

Prefaces in our textbooks in General Science indicate that 
the writers recognize the same aims and purposes as those 
given by the teachers replying to questionnaires. Mr. Trafton, 
for example, in Science of Home and Community, says: ‘‘Ap- 
plications of science more and more dominate our lives 
Any sane system of education must see to it that boys and girls 
living in the midst of these applications, which form such an 
important part of their every day life, are educated in terms of 
this environment, in order that they may better appreciate it 
and adapt themselves to it.’’ The authors, Mr. Barber and 
others, of First Course in General Science, believe that the prim- 
ary function of first year general science is to give, as far as 
possible, a rational, orderly, scientific understanding of the 
pupil’s environment to the end that he may, to some extent, 
correctly interpret that environment and be master of it. These 
and similar expressions which may be found in almost any one 
of the textbooks, indicate that the present day tendency is to 
give the child an understanding of those scientific problems 
which are vitally connected with his every day life. 

Recognizing the unanimity which exists in the three basic 
aims: environment, application, and information, consideration 
may now be given to the selection and the organization of the 
materials presented in our general science courses. Writers of 
textbooks and teachers of science are also quite generally 
agreed upon the organization of the subject matter of general 
science. They believe that the subject matter should be or- 
ganized around the interests and experiences of the pupils rath- 
er than around the principles and laws of any branch of 
science. 





In the replies to the questionnaire sent out by the Commit- 
tee on Reorganization previously referred to, eighty percent 
of the teachers expressed their preference for a course organ- 
ized about natural units: those having some common process, 
or activity, or set of concepts functionally related to life, rath- 
er than about units having scientifically related principles as 
a core. In most of the textbooks the materials have been se- 
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lected from the pupil’s environment and then organized from 
the human rather than from the scientific point of view. 

The organization of any course in General Science will de- 
pend upon the selection of the materials for the course, and 
this selection in turn depends upon the aims of the course. 
With the aims so clearly defined, it is inevitable that the con- 
tent of the courses as given in the textbooks, is very uniform. 
Many do not know how similar the courses are, and others, 
opponents of the subject, are not willing to recognize the fact. 

In an effort to determine what underlying scientific princi- 
ples and fundamental concepts occur most frequently, I have 


made a careful examination of the following fourteen text 
books: 


1. Barber, First Course in General Science. Henry Holt Comp- 
any. 

2. Brownell, General Science. Macmillan Company. 

3. Caldwell and Eikenberry, General Science. Ginn and Company. 

4. Clark, An Introduction to Science. American Book Company. 

5. Elhuff, General Science. D. C. Heath Company. 

6. Hessler, The First Year of Science. Benjamin Sanborn Com- 
pany. 

7. Hodgdon, Elementary General Science. Hinds, Hayden and 
Eldredge Company. 

8. Lake, General Science. Silver Burdett Company. 

9. Pease, General Science. Merrill Company. 

10. Snyder, First Year Science. Allyn and Bacon. 

11. Smith and Jewett, Introduction to the Study of Science. Mac- 
millan Company. 

12. Trafton, Science of Home and Community. Macmillan Com- 
pany. 

13. Van Buskirk and Smith, The Science of Everyday Life. 


Houghton Mifflin Company. 

14. Weckel and Thalman, A year in Science. Row, Peterson, and 
Company. 

A tabulation of the results of this investigation is as follows 


FUNDAMENTAL CONCEPTS AND Topics WuHtIcH OccurRRED IN: 
I. All Fourteen Texts. 
Atmospheric pressure 
Principle of and kinds of thermometers 


3. Definitions and applications of humidity, dew point, con- 
densation, saturation. 


po 


Il. Thirteen of the Fourteen Texts. 


1. Oxidation. 

2. Transference of heat: conduction, convection, radiation. 
3. Soils, origin and composition. 

4. Study of weather maps. 
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Ill. Twelve of the Fourteen Texts. 


Composition of atmosphere. 

Winds, cause of and general circulation. 

Molds and bacteria: structure, development, relation to 
diseases and decay. 

Foods and nutrition. 


IV. Eleven of the Fourteen Texts. 


Study of the cell. 

Calorie, value of 

Structure and function of parts of human eye. 

Heat, nature and origin. 

Electricity, elementary presentation of. 

Sanitation and diseases: germs, toxins, antitoxins, disin- 
fectants, sterilization, vaceines, ete. 


V. Ten of the Fourteen Texts. 
Seasons, cause of. 
Gravity, definition. 
Pumps. 
Storms, causes and common types. 
Sewage disposal. 
Types of electric cells. 
Lighting systems: kerosene, gas, electric, acetylene. 


VI. Nine of the Fourteen Texts. 
Properties of matter. 
Elements and compounds. 
Plants: structure and function of roots, stems, leaves, 
flowers. 
Molecular theory. 
Water power and its application. 
Manufacture of artificial ice. 
Steam engine, principle of action and application. 
Sound, nature of. 
Light, nature of and properties. 
Carbon dioxide: source, role in nature, fire extinguisher. 
Cell division and reproduction in plants and animals. 
Machines: lever, screw, pulleys, wheel and axle, inclined 
plane. 
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Solution, especially as applied to hard and soft water. 
Vaporization. 


VIl. Eight of the Fourteen Texts. 


Drainage and irrigation. 

Erosion. 

Distillation. 

Solar system. 

Physical and chemical changes. 
Heating systems. 

Magnetism. 

Acids, bases, and neutralization. 
Injurious insects. 

Osmosis. 

Filtration. 

Expansion of solids, liquids, and gases. 
Electric bell, telephone, telegraph. 
Ventilation, principle of and different systems. 
Combustion. 


VIII. Seven of the Fourteen Texts. 


Siphon. 

Human ear, parts and functions of each. 
Weathering. 

Fertilization. 

Lenses, kinds. 

Day and night, cause. 

Capillarity. 

Gasoline engines. 

Plant nutrition. 


1X. Six of the Fourteen Texts. 


Metric system. 

Density and specific gravity. 
Archimede’s principle. 
Survey of animal kingdom. 
Time, standard, ete. 
Electrolysis. 

Fuels and carbon compounds. 








392 TENERAL SCIENCE QUARTERLY 


X. Five of the Fourteen Texts. 


Human body, structure of 

Energy: kinds, measures for. 

Life processes in animals. 
Pasteurization. 

Properties of protoplasm. 

Mechanics of respiration. 

Pollination and fertilization in plants. 


=e 
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XI. Four of the Fourteen Texts. 


Seed dispersal. 

Glaciers. 

Latitude and longitude. 
Cohesion and adhesion. 
Wind power. 

Human voice. 
Earthquakes and volcanoes. 
Parasites and saprophytes. 
River development. 
Economic botany. 
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XII. Three of the Fourteen Texts. 


Analysis and synthesis. 
Boyle’s law. 
Hydraulic press. 


al alle al 


Total number of topics listed above is eighty-nine. 

Except for the phraseology and the time involved, no diffi- 
eulty arises in a mere listing of the concepts given in text- 
books. When one attempts, however, to analyze this subject 
matter, to place it in as few large units as possible, and to 
recognize the larger units most frequently used, his task be- 
comes difficult. 

After the selection of the materials from the child’s environ- 
ment has been made, writers frequently group it about one of 
two centers: either the home or the community; occasionally 
both are used. It is then further divided into such topics as 
atmosphere, water, methods of transportation, building ma- 
terials, household chemistry, foods and nutrition, the universe, 
oxidation and its relation to life, and a multitude of others, al! 
usually well chosen. 
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About the larger units or topics which I found occurring 
most frequently in text books, I have attempted to formulate 
what might be termed a composite course by placing under 
these topics the fundamental concepts and scientific princi- 
ples which I found in the frequency which I have already 
given. If I have succeeded in doing this without personal bias 
and with any degree of skill, I should then have a standarized 
course based upon the courses as given in the textbooks which 
I have examined. Since a large number of representative 
books was examined, I think that I am justified in presenting 
the following outline as a standardized course in General 
Science based upon the courses developed by the text book 
writers, most of whom are or have been high school teachers. 


OUTLINE OF STANDARDIZED Course BasEepD ON TEXTBOOKS 


I 
ATMOSPHERE 


1. Physical properties and mechanics of gases 
2. Chemical composition 
elements, compounds, mixtures, 
molecular theory of matter 
Study of oxygen, nitrogen, carbon dioxide, oxidation 
3. Atmospheric moisture 
evaporation 
humidity 
4. Weather 
air pressure 
pumps 
barometer 
temperature 
winds 
storms 
5 Respiration in plants and animals (Frequently included under IV) 
hygiene of breathing 
ventilation 


II. 
WATER 

1. Physical properties 
2. Chemical composition 

solution 

hard and soft water 
Mechanics of liquids 
Distiliation 
Evaporation 

refrigeration 

manufacture of artificial ice 
6. Water supply 

source 

purification 
Sewage disposal 
House piping 
Hot water heating (often included under VI) 


> 9 


7. 
8. 
9. 
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III. 
EARTH 
Its relation to the universe 
stars and solar system 
earth and its seasons 
Soil 
origin 
physical structure 
erosion and sedimentation 


fertility 
soil water 
drainage 
irrigation 
IV. 
LIFE ON EARTH 
Plants 


cell, structure and activities 
parts of plants and their functions 
food production 
food storage 
reproduction 
Animals 
groups 
human physiology (often omitted) 
reproduction 
insects and diseases 
Bacteria, yeasts, and molds 
human diseases 
Hygiene and sanitation 


V. 
FooDs AND NUTRITION 
Foods 
need of 
production 
measurement of food—calorie 
composition 
Digestion 
organs of 
hygiene 
Diet 
Adulteration 


VI. 
MACHINES, WORK, AND ENERGY 


Work of running water—water wheel, turbine, etc. 


Work of simple machines 
Measurements and kinds of energy 
Heat 

transmission of 

fireless cookers 

methods of heating our homes 

coal 

work done by heat—steam engine 
Light 

nature 

color 

human eye 

methods of lighting our homes 





. 
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6. Sound 
nature 
human ear 
7. Electricity and magnetism 
measurement 
electric generators 
applications of electricity 
electric bell 
automobile 
telephone 
telegraph 


In presenting this outline, my paper is concluded so far as 
the problem assigned to me by your chairman is concerned. 
I can not refrain, however, from expressing a few convictions 
which have come out of the study made for the preparation of 
this paper and out of years of observation and participa- 
tion in the General Science movement. 

1. Many of the courses in General Science include more 
material than can be given to first year high school pupils in 
one year. 

2. Relatively too much emphasis is being placed upon the 
physical environment of the child. More civie biology should 
be included in many of the courses. 

3. The project method is not feasible for the overworked 
teacher, for the one who has very large classes, nor for the 
beginner. 

4. The years of experimentation in General Science need 
not be looked upon with the disapproval and contempt so fre- 
quently evident, for often even inexperienced teachers give 
better courses when all initiative and interest have not been 
destroyed by overstandardized courses. 

5. There is a surprising unanimity in the aims and purposes 
of General Science and also in the subject matter included in 
the courses now given. 








Reform of Science Teaching in America’ 


G. H. J. Aptam, Editor of School Science Review, City of Lon- 
don School. 


The publication by the United States Bureau of Education 
of a bulletin on reorganization of science teaching in second- 
ary schools? suggests a comparison between English and 
American aims and methods, so far as this comparison can be 
made by one who has had first-hand acquaintance only with 
English schools. The bulletin is authoritative; it embodies 
contributions and criticisms of ‘‘more than fifty science teach- 
ers and administrative officers,’’ and much of it, especially the 
general science introduction, has been put in force. The re- 
port was approved by the reviewing committee of the Com- 
mission on the Reorganization of Secondary Education. This 
approval can be taken as implying essential agreement with 
the general recommendations. 

It is a well-known trait of Americans to discard obsolete 
systems, just as they scrap inefficient machines, without saying 
much about them afterwards. The character of the system 
which called for reorganization has therefore to be picked up 
from remarks dropped here and there; it is, however, express- 
ly stated that there was widespread recognition of the need 
of a change. 

Early specialization comes in on the first page. This, in the 
words of the report, ‘‘diminished the value of instruction from 
the standpoint of the general needs of the pupils and the needs 
of society.’’ The secondary course was drawn up by special- 
ists, and regarded merely as an introduction to more advanced 
work, and while presenting the so-called essentials with their 
definitions and classifications, subordinated or left out al- 
together ‘‘the commonplace manifestations of science in home, 
community, civic, and industrial situations.’’ Suecessful re- 
organization is made more difficult by the narrow point of view 
of those persons who see in the movement an opportunity to 
advance the particular branch of science in which they are 


1 From School Science Review, London, June 1921. 
2 Beorganization of Science in Secondary Schools; Bulletin 1920, No. 
26; Government Printing Office, Washington, D. C. Price 10 cents. 
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most interested, and to demand for it a larger proportion of 
the pupils’ time. 

It is necessary at the outset to grasp the American idea of 
the function of secondary education. It is to promote the 
health of the naticn by disseminating knowledge and prac- 
tice of the basic principles of personal hygiene and public sani- 
tation; it is to make home life comfortable and attractive, and 
to contribute both to vocational guidance and to a broad pre- 
paration for vocation. It is to give a greater appreciation of 
the responsibilities of citizenship; to teach the proper use of 
leisure, and to develop the ethical character by establishing a 
more adequate conception of truth and a confidence in the 
laws of cause and effect. In addition to these general aims, 
science is intended to develop many and varied interests in its 
own field, to teach effective and satisfying methods of solving 
problems, to stimulate the pupil to ‘‘more direct and purpose- 
ful activities,’’ and to give him control of a large body of facts 
and principles. 

The dualism that would classify subjects as cultural or non- 
cultural, humanistic or scientific, aesthetic or materialistic, 
with an implication of the inferiority of the latter to the for- 
mer, is, as the report says, dying out. It is laid down categori- 
cally that ‘‘all subjects are cultural in the degree to which 
they develop wider appreciations of the worth while’’ (this is 
typically American) ; and ‘‘all subjects are esthetic in the de- 
gree to which they open the eyes to the perception of new 
beauty and increase the power to understand and enjoy.’”’ 

To English readers some of this may seem a little ‘‘top- 
lofty’’ and lacking in intellectual aspiration; nevertheless, it 
contains much common sense, likely to appeal to a business-like 
nation that provides the cash and expects to have the goods 
delivered ‘‘as per sample.”’ 

There is one important question which, so far as the writer 
knows, English teachers have not discussed, but which Ameri- 
ean teachers have definitely settled in their own minds. Sup- 
posing the intellectual development of young American citizens 
and the advancement of pure science sccm to be incompatible, 
which is to give way? In the words of this report, ‘‘The science 
courses should be so organized as to constitute the best training 
for that period, regardless of any further science courses that 
the pupil may take.’’ It should start with questions of im- 
mediate interest to the pupil, ideas which are significant to him 
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by reason of his own experience and which concern his own 
life to such an extent that he perceives, or is easily led to 
perceive, their ‘‘worthwhileness.’’ 

Coming now to general considerations governing the selec- 
tion of the introductory course, we ought first to notice the 
psychological basis of education as it appears to the American 
teacher. It is summed up as follows: (1) Self-activity is a 
law of growth; (2) interest secures attention and makes 
self-activity possible; (3) interest, to be sustained, must rest 
on the perception of the worthwhileness to the individual of 
the purpose sought. Admitting the fundamental importance 
of ‘‘worthwhileness,’’ the American teacher is inexorably led 
on to the science of common things, or general science, as the 
most suitable introduction for schoolboys up to a certain age. 

Before considering what is taught and how it is taught, it 
is necessary to explain the terms ‘‘project’’ and ‘‘topic,’’ which 
occur on almost every page of American pedagogic literature. 
The project, as defined in this pamphlet, is ‘‘any projected 
activity or experience which an individual proposes to enter 
upon or carry through to the end.’’ This does not get us much 
further than Sydney Smith’s definition of an archdeacon; it 
might mean a burglary or a game of patience. Dr. John A. 
Stevenson, who, in School Science and Mathematics, deplores 
the ambiguity of existing definitions of a project, gives his 
own as follows: ‘‘A project is a problematical act carried to 
completion in its natural setting.’’ Evidently the term ‘‘pro- 
ject’’ started life as a catchword, but, being much too good 
a find to be allowed to go a-begging, has had a concept fitted 
to it, and, so far as can be judged from illustrations given, a 
project appears to be a problem which, as Americans say, 
‘gets down to brass tacks.’’ 

The important words in Dr. John A. Stevenson’s definition 
seem to be ‘‘in its natural setting,’’ for the project is probably 
the antithesis of the academic problem, which is an end in 
itself. To make an electric motor is a project, and to rid a 
community of mosquitoes or houseflies is also a project. A 
boy who tests seeds is only doing a problem, but a.boy who 
determines to test his father’s seed corn as a part of school 
work has found a project. Similarly, to determine the specific 
gravity of a liquid is merely an exercise, but to find out 
whether the milk delivered at the door has been watered is 
a project. 
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Related projects constitute a topic, and a group of ‘‘unified 
topics’’ forms the basis of an introductory science covrse. 
Lack of space prevents our going fully into the principles 
that are to guide the choice of topics and projects. It is suffi- 
cient to say that they must be related to everyday experience, 
and their ‘‘worthwhileness’’ must be either self-evident or 
easily demonstrated. 


The teaching is to be based on reformed laboratory work. 
According to the bulletin, this has not hitherto produced the 
results expected. ‘‘Experiments are too frequently devised 
to check up and prove generalizations or laws the truth of 
which the pupil already perceives.’’ ‘‘They often repeat work 
described in the text in such a way that the outcome is un- 
interesting and of little value.’’ The laboratory should not 
be a place where directions are followed blindly and meaning- 
less results are obtained. The project is to be dealt with by 
the true scientific method—the recognition of a question to 
be answered, the framing of hypotheses, the testing of the 
most probable hypothesis and its adequate verification. This 
is the heuristic method applied comprehensively instead of in 
detail. 

As to classroom procedure, the committee remarks, ‘‘We 
find the teacher alone active, the class passive; the teacher 
dominant and aggressive, the class repressed and attentive 
only in a receptive, not in a co-operative sense.’’ ‘‘The 
‘hearing of lessons,’ memoriter repetition of facts, the more 
or less discontinuous dialogue between teacher and individual 
pupil, should give place to real class discussions, in which all 
take an active part in contributing, organizing, and using the 
information dealt with.’’ 

The demonstration experiment is to play an important part. 
It has many of the merits of individual effort without the 
confusion due to poor manipulation, or the failure to observe 
the most important aspects of the experiment. Pupils should 
be encouraged to assist in these. Notebook tyranny is to be 
moderated, for as the bulletin pointedly remarks, ‘‘an experi- 
ment is not designed for the sake of the notebook record.’’ A 
feature of the course should be definite instruction in the use 
of the textbook as the principal reference book, to be supple- 
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mented by magazine articles, newspaper cuttings, official 
bulletins, and the science library. 

It is hard to foresee how this classroom procedure would 
work out in English schools. The English boy is probably 
shyer and more diffident than the American: besides, there is 
tradition which ordains that you may be a ‘‘swot’’ if nature 
biased you in that way, for you cannot help it; but to be an 
aggressive ‘‘swot’’ is quite another matter. Again, that 
delightful but subtle sense of humour in the British boy would 
be a factor to be reckoned with. One can hardly imagine an 
English schoolboy meticulously labelling a demonstration 
experiment ‘‘performed by the instructor.’’ 

Schemes of instruction for various types of school are given. 
For the four-year high school of medium size the following is 
prescribed :— 

First Year.—General science, ineluding hygiene. 

Second Year.—Biological science, including hygiene; 
courses may consist of general biology, botany, or zoology. 

Third Year.—Chemistry, with emphasis on the home, 
farm, and industries. 

Fourth Year.—Physies, with emphasis on the home, 
farm, and industries; general geography or physiography, 
er advanced biological sciences. 

Biology in the second year still follows the problem-project- 
topic method in preference to the specialist courses in mor- 
phology and classification. Herbaria of dried specimens, which 
formerly ‘‘cluttered home and school,’’ are to be swept away; 
indeed, the main points seem to be that biology should become 
a study of living rather than dead organisms, and that even 
the well-appointed laboratory should be regarded only as a 
reasonably good substitute for out-of-doors. 

Of the special or elective biological courses of the fourth 
year not much is said, except that the study of invertebrates 
should not consume more than half the course. Botany will 
teach the principle of soil replenishment by living organisms 
large and small, soil sterilization, and soil inoculation. There 
will be more practical work with plants as in forestry, tree- 
planting, tree surgery, pruning, grafting, budding, artificial 
pollination, plant breeding, and so on. 

The special elective chemistry and physics courses probably 
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are not meant to differ much from our customary courses, 
except that from the descriptions they seem to be intended to 
be more vocational and less philosophical; thus, courses in 
household or domestic chemistry, courses in ‘‘technical curri- 
¢culum,’’ chemistry for nurses, for electroplaters, for phar- 
macists, for workmen and foremen in chemical industries are 
given as examples. 

In this report there is, as Dr. Johnson once rather inoppor- 
tunely put it, ‘‘a bottom of good sense’’; there is also much 
to which we should hesitate to subscribe, for in places, if the 
surface is ever so lightly scratched, the trail of the dollar is 
revealed. There appear to be temperamental differences be- 
tween English and American teachers and different standards 
of evaluation. Americans have not got our simple faith in the 
secret growth of the seed; they like to see things moving; 
hence, to them the absence of manifest self-activity means 
stagnation. We know that this is not necessarily true in 
things appertaining to the spirit from the very bad showing 
that many of the world’s greatest geniuses have made in 
early years. The English boy is not given to airing his 
knowledge; his nonchalanee is, in part, a little bit of pose, in 
part a concession to schoolboy etiquette. His ‘‘self-activity’’ 
becomes evident enough when the occasion calls for a little 
leg-pulling. 

Nevertheless, in endeavoring to get a boy to reveal him- 
self early, and in giving him every opportunity of doing it, the 
Americans have chosen more wisely than we. Their system 
makes for a wider dissemination of usable scientific knowledge 
than ours. The intellectual barrenness of chemistry and 
physics prescribed for the third and fourth years is not the 
logical outcome of general science in the first year, but only a 
ease of pressing ‘‘the logic of a fact to its ultimate conclusion 
in unmitigated act.’’ The danger of superficiality is fully 
recognized, but the risk is cheerfully accepted to secure self- 
activity and self-educative effort rather than apathy, which 
it is firmly believed has been the outcome of the introduction 
of a ‘‘diluted college course’’ into schools. 











Edison from his latest picture. 


The Birth of the Incandescent Lamp 
By Henry Scuroeper, Edison Lamp Works, Harrison, N. J. 


October 21, 1921, was the forty-second anniversary of the 
**birth’’ of the incandescent lamp, invented by Thomas A. 
Edison at Menlo Park, N. J., in 1879 when he was thirty-two. 
years old. 

Edison had a well equipped laboratory and a corps of more 
than loyal assistants. He had made a number of notable inven- 
tions and it was in 1878 that he tackled the problem of ‘‘sub- 
dividing the electric light,’’ which was then being discussed 
by scientists the world over, many claiming it to be impossi- 
ble. In order to appreciate the difficulties he was up against, 
one should understand what was known of electricity at that 
time. 

The first method of obtaining electricity in reasonable quan- 
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tities was by chemical means. In 1800, Alessandro Volta made 
a pile of silver and copper dises laid alternately with pieces of 
eloth, wet with salt water, between them. This was known as 
the Voltaic Pile and was the forerunner of the present-day 
battery. It is fitting, therefore, that the VOLT, the unit of 
electrical pressure, is named in his honor. 





Voltaic Pile. 


In 1810, Sir Humphry Davy first demonstrated the electric 
are before the Royal Society in London, using a voltaie pile for 
his source of current. 

Various inventors made are lamps, the first commercial in- 
stallation being in a lighthouse in 1858 using a dynamo, having 
permanent magnets for field poles, as the source of current. 
The use of electromagnets increased the output of dynamos, 
so that by 1878 are lighting was beginning to be well estab- 
lished. 

The are light was mainly used for street lighting, as it gave 
too much light for the illumination of small areas, such as 
homes, offices, ete. Thus, at this time, the problem of ‘‘sub- 
dividing the electric light,’’ as it was popularly called, was 
naturally engrossing the attention of scientists and inventors 
the world over. 

Several inventors had made ineandescent lamps, most of 
which consisted of carbon rods heated to incandescence in a 
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partial vacuum or in an inert gas to prevent the carbon from 
burning up. None of them were successful as they could not 
be made to last a reasonable length of time. 

Edison, realizing this, began experimenting with platinum. 
Others had tried it, but had been unable to get much light from 
it as it became incandescent only when operated very close to 
its melting temperature and so would easily burn out. Edison, 
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Edison's First Lamp Factory at Menlo Park. 





The First Trial Installation of Incandescent Lamps at Menlo Park. 
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by making a platinum-iridium alloy made some improvement, 
and by means of a thermostatic arrangement, prevented the 
burner from melting by cutting off the current when it became 
overheated. 

Edison also realized that he must keep down the size of the 
distributing wires as otherwise their cost would be prohibitive 
in a complete lighting system. To do this the current must 
be low, and as the power delivered is the current times the 
pressure (amperes X volts = watts), the pressure must be 
high. If the pressure be high, a lamp to consume a small 
amount of power must have a high resistance. For example, 
assume a lamp consumes 100 watts (about one-eighth of a horse 
power). If the pressure were 10 volts the lamp would require 
10 amperes, as 10 volts times 10 amperes is 100 watts. Ohm’s 
law is Volts 





Amperes = 
Ohms 
hence this 10-volt, 10-ampere lamp must have a resistance of 1 
ohm. If the pressure were 100 volts, a 100-watt lamp would 
require 1 ampere instead of 10, and must have a resistance of 
100:ohms instead of 1. 

Edison therefore reasoned he must have a high resistance 
lamp for a practical multiple system. By winding several feet 
of fine platinum wire on a_ spool he obtained a high resistance 
and such a lamp looked promising, but it was expensive and 
would not last very long. 

Knowing that he could obtain sufficiently high resistance 
with a long and extremely thin thread like piece of carbon, 
he thought that it might be made to last at the high tempera- 
ture of incandescence if it were operated in an extremely high 
vacuum. He proceeded to develop a vacuum pump and by 
means of a combination of the Sprengel and Geissler mercury 
pumps was able to produce the very high vacuum desired. The 
next problem was to maintain this very high vacuum which he 
realized could only be done by a one piece, all glass, globe, all 
joints being hermetically sealed by melting the glass together. 

He designed such a lamp, using platinum wires, which ex- 
pand at the same rate as glass and therefore would make an 
air-tight fit, to go through the glass and connect with the 
threadlike carbon inside. The carbon was to be fastened to 
the platinum wires by delicate screw clamps, the wires in the 





*hWO HAO MON soriddns AOU YOIYM ulsisks [BVOTA}ETSe 942 LOZ wosyepuncs oayi Pret UOSsIPa 
*y seuloUuL * sounjonays jt >; MOJ 1 oy} ut O38 s1vp9k AIO ST 


‘Rundwmog uosppy yuo Nan fo fisajinoD 


os 4 Aq pomMope YSsdAo0 Mou ‘MAOR Mc oN AIMO'T 


W fq vuayvL ydni60}04 7 








ee SS See OS ey eye aay Wie Gaw Cuypeoee New SUCq Weve 


THE BIRTH OF THE INCANDESCENT LAMP 407 


meantime having been inserted in a piece of glass tubing after 
which the glass was to be melted together at one end around 
the wires to make it air-tight. This was then to be inserted 
in a globe, one end of which was to be open so that the glass 
tube with the threadlike carbon could be inserted. The edge 
of the hole in the globe was then to be melted to the glass tub- 
ing thereby making it completely air-tight. At the other end 
of the glass globe a small hole was to be made and a piece of 
‘small glass tubing was to be melted to it, the tube to be econ- 
nected with the pump so the air could be pumped out of the 
globe. After this, the small tube was to be melted off, sealing 
up the globe so that then there would be a one-piece glass globe 
entirely surrounding the threadlike carbon after the air had 
been pumped out. 

Having designed the lamp, the next problem was to make 
the threadlike carbon. He took some ordinary cotton sewing 
thread, packed it in a crucible to prevent outside air reaching 
it and put it into a furnace. There it was heated for several 
hours, which drove off all the volatile matter, leaving nothing 
but carbon behind. This operation is known as earbonizing. 
He finally obtained a filament, as he called it, after several 
trials, and made a lamp. 

This was October 21, 1879, and bets were made among the 
workmen that the lamp would not last. Amid much excite- 
ment the lamp was connected and current gradually turned 
on. The lamp lighted up and all watched it. It continued 
to burn, the excitement growing more intense. The lamp last- 
ed for forty-five hours. 

Every conceivable thing was carbonized and tried out for a 
filament. Cardboard paper was found, after several weeks’ 
work, to be the best, and many hundreds of lamps made and 
tried out with success. A public demonstration was decided 
upon. Wires were laid underground and connected to over a 
hundred lamps on wooden poles located on the country roads 
for nearly a mile in all directions about Menlo Park. An- 
nouncement was made in the New York Herald of December 
21, 1879, of the successful invention and of its demonstration to 
the public during the Christmas holidays. Crowds came out 
to see the new light, the demonstration proving that the lamp 
was a success. 

The Edison Sales Builder. 





New Lamp Reduces Glare 
By H. F. Barnes, Harrison, N. J. 


The accompanying pictures were taken during an experi- 
ment run at the Iluminating Engineering Laboratories of the 
Edison Lamp Works, in Harrison, N. J. 

First, an ordinary clear Mazpa C lamp was inserted in the 
reflector socket, the current turned on and into the flood of 
light one of the engineers stretched his hand—a shadow was 
naturally produced. 





- 


The clear lamp was then removed and a Bowl Enameled 
Mazpa C lamp inserted. The engineer again stretched out his 
hand under the unit—the shadow had practically vanished. 

Both reflector and hand were in the same position as be- 
fore, the lamp only had been changed. 
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sowl enameling redirects most of the light of the brilliant 
filament up into the reflector, making the light come from the 
whole reflector, in many directions, instead of from the tiny 
filament itself. It makes each reflector a small window. 

“‘Bowl enameled’’ means that the lower half of the glass 
bulb of the Mazpa C lamp has been sprayed with a thin, white 
hard enamel. 

The enameling is easily cleaned and will not chip, crack or 
discolor. 

This lamp should be used with any make or style of steel re- 
flector (with the possible exception of deep bow! and angle 
types where the pocketing of the light reduces the total effi- 
ciency ). 

The lamp can also be used with certain types of glass re- 
flectors. 


Motor Fire Apparatus 
By A. C. Hutson 

The development of the automobile industry has had prob- 
ably as marked an effect on fire service as any other individual! 
feature. The location and distribution of fire apparatus is 
limited by the ability of the motive power to get it to the fire 
within a reasonable time. With hand-drawn equipment, fire 
stations were practically all located in the business districts, 
leaving outlying sections unprotected. As towns progressed, 
they hired or purchased horses, and it was then possible to 
distribute the companies over a wider territory and still be 
able to concentrate the apparatus in the center of the town 
where it was needed for large fires. 

Automobile apparatus has introduced several marked 
changes. -It has permitted wider distribution and protection 
by a less number of companies, estimated by the National 
Board at 85% of that necessary for horse-drawn, and has 
opened up a broad field of mutual aid from adjacent com- 
munities. It is assumed that thirty to thirty-five miles an 
hour is a safe maximum speed for city operation; for country 
roads a greater speed can be allowed, but it is not thought 
that the fifty to sixty miles an hour attempted by some makers 
of apparatus is proper for any type of apparatus which may 
be called upon to respond in all kinds of weather and with 
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peor road conditions. With all automobile apparatus the 
maximum speed can be maintained for an indefinite period, 
thus it is possible to consider practically any apparatus within 
thirty minutes running distance of a business district as being 
readily available for fires in that district. 



































Fire Fighting Methods in the Seventeenth Century. 


The National Board, in applying its Grading Schedule to 
fire departments, considers all fire apparatus within the city 
limits as constituting protection to the business district, and 
outside aid equipment which is within thirty minutes running 
distance is also of value with automobile equipment. This will 
include as part of the protection of a city practically all out- 
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side motor fire equipment within a radius of fifteen miles of 
a town. 

It is believed the greatest feature of motor equipment is in 
the development of a scheme of mutual aid, by establishing 
fire districts in rural sections. With a city of 5,000 to 15,000 
population as a center, a fire district can be established em- 




















Modern Motor Driven Fire Apparatus in 
Action. 


bracing a whole county, or some specified area, and equipment 
‘an be so located that the response of two or three pieces of 
apparatus will be practical at any fire without a delay ex- 
e<eeding thirty minutes for the last piece to arrive. 
Horses WERE ‘* WINDED’’ 

One of the best examples of the advantages of automobile 
equipment over horse-drawn was the experience in the Atlanta 
eonflagration, which was preceded by three fires, all in the 
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same section, ii a somewhat outlying part of the city. Much 
of the equipment had to travel the entire length of the city, 
and the horses at the end of the run were played out and 
could not travel much faster than a walk. Under these con- 
ditions there was considerable delay in getting the horse-drawn 
equipment to the last fire and ahead of the conflagration. In 
fact, some automobile equipment from out of town reached 
the fire ground ahead of the city equipment. 

lire apparatus must be dependable; prior to 1910 the defects 
in the automobile were too marked to permit fire departments 
making large use of it. The first type of automobile perfected 
was the passenger-carrying type. It was recognized that these 
passenger cars were too light for fire department operation, 
so that their use was restricted largely to conveyances for 
getting men to the fire. These consisted of cars for chief offi- 
cers and ears for taking a body of men, known as an auxiliary 
squad, to a fire to help under-manned companies. 

With the general use of motor equipment, there is less need 
for these flying squads; the delay in ealling in outlying com- 
panies is not great and therefore it is considered preferable 
to give a stronger individual strength to all the high value 
companies, and to depend on apparatus which would respond 
to second and greater alarms to provide the necessary men 
for a severe fire. 

In 1908 a pump was successfully mounted on an automobile 
with the necessary gear and clutch connections to permit its 
being operated at a fire by the same motor which bronght the 
apparatus to the fire. This first machine was rather erude 
and was overrated; with its introduction the National Board 
realized the value of proper performance and evolved a set 
of specifications and tests which would assure equipment of 
adequate capacity. 

ENDURANCE TEST 

In 1910, ’11 and 712, at the annual convention of the Inter- 
national Association of Fire Engineers, official tests were made 
of automobile pumping equipment; these tests were conducted 
by the National Board’s engineers. At that time it was con- 
sidered a fairly satisfactory test if a continuous run at full 
capacity could be attained for a period of twenty minutes. 
At the convention of the International Association of Fire En- 
gineers held in New York in 1913, it was decided the reliability 
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Practice With Fire Equipment. 
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of motor equipment should be proven, and a twelve-hour en- 
duranee test was specified. Through the high standard re- 
quired by the National Board in its test specifications there has 
been a continuous improvement in pumping engines, until to- 
day they far surpass the old steamer in their capability to de- 
liver water for long runs. 

In the early days of motor equipment, hose wagons were 
the principal pieces purchased. For several years it was quite 
common practice to buy tractors and install them on existing 
steam fire engines and ladder trucks. It is recognized today 
that it is not economy to tractorize a steam fire engine and of- 
ten the ladder trucks of the slow-raising type are not worth 
tractorizing. One leading manufacturer of tractors has re- 
eently discontinued his business. <A study of the output of a 
leading manufacturer of fire appliances shows that up to the 
end of 1915 hose wagons and pumpers were sold in about equal 
amounts. Beginning with 1915, the number of pumping eng- 
gines sold increased at a rapid rate, and at the end of 1918 
amounted to about three times the number of hose wagons sold. 
It is recognized today that even though the city water system 
may be at pressures which would give good effective hose 
streams, it is on the side of safety to provide pumping cap- 
acity, and as this pumping capacity can be obtained on motor 
apparatus without excessive cost, and does not add much to 
the weighs, pumpers are preferable to hose wagons. 

The main feature in connection with motor equipment is the 
operating force. Much trouble is experienced from attempts 
to adjust the carbureter or rearrange some other part of the 
machine, and it is only after the firemen realize that the aver- 
age car needs little of this so-called adjusting that satisfactory 
service ean be expected. 

The question is often asked as to whether it is not cheaper 
and equally satisfactory for a city to buy a commercial ear and 
adapt it for fire service. Experience has shown that many 
changes are necessary before a commercial car ean be satis- 
factorily used by a fire department. Fire service is very dis- 
tinctive and severe. Response must be made in all classes of 
weather, at all times of the day or night; the machine travels 
at high speed; it must stop and start quickly to prevent ac- 
cidents, and it is often handled by men who have had little ex- 
perience in driving ears. 
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During severe winter storms there has been trouble from mo- 
tor fire apparatus stalling in the snow and sleet. Some cities 
and towns have found it necessary to go back to horse-drawn 
equipment and the old-fashioned pung or sleigh. While the 
experience has been rather unfortunate, it is not believed that 
it is necessary to maintain horses and horse-drawn equipment 
for such an emergency; rather it would appear to indicate that 
there must be some changes in the type of tire on the wheel or 
method of preventing the skidding of the wheels in such snow. 


Safeguarding America Against Fire. 


The Latest Altitude Record 


Lieutenant Macready succeeded in attaining a world altitude 
record in aviation, September 28, 1921, by ascending in an aero- 
plane to a height of 40,800 feet at Dayton. This distance of 
approximately eight miles up into the air far exceeds the al- 
titude record secured by Schroeder about one and one-half 
years ago, when he reached a height of slightly more than 
38,000 feet. These performances are looked on by most per- 
sons as essentially feats of skill and endurance, combined with 
exceptionally successful mechanical perfection of the flying ap- 
paratus. To the medically trained who bear in mind the limi- 
tations of the human machine at high altitudes, these aeroplane 
records awaken appreciation of scientific acumen and technical 
ingenuity in overcoming the handicaps which unaided nature 
has placed upon man as a flying animal. High altitudes or 
low barometric pressure are well known to interfere with 
physiologic functions. What is true of mountain sickness is 
equally applicable to the other more modern forms of altitude 
sickness which the balloon and subsequently the aeroplane 
brought into scientific prominence. 

The experts! of the Medical Research Laboratory of the War 
Department’s Air Service have pointed out that men differ 
greatly in their power of adjustment to changes of environ- 
ment. Hence, it is found that mountain sickness befalls some 
individuals at a lower, others at a higher altitude; but it is al- 


1 Manual of Medical Research Laboratory, War Department, Air Serv- 
ice, Division of Military Aeronautics, Washington, 1918. 
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so certain that no one who proceeds beyond a certain elevation 
—the critical line for him—escapes the malady. An elevation of 
10,000 feet or even less might provoke it in some; others may 
eseape the symptoms up to 14,000 feet, while only a very few, 
possessed of unusual resisting power, can without mueh dis- 
tress venture upward to 19,000 feet. The symptoms of moun- 
tain sickness, we are further reminded by the army workers, 
depend not only on the nature of the individual and his physi- 
‘al condition, but also on various intricate contingencies, es- 
pecially on the amount of physical exertion made in ascending; 
that is, on whether the aseent is performed by climbing or by 
passive carriage on horse, on railway train, or in an aeroplane. 

There are authentie records of balloon ascents to a height of 
30,000 feet, but the effects on the balloonists were invariably 
distressing. Schroeder’s record aeroplane ascent found its 
limitations in the physiologie distress resulting from an acci- 
dent to the protective devices. At a height of six miles the 
content of oxygen in the air has been reduced from approxi- 
mately 21 per cent found at sea level to 6 per cent; at a height 
of eight miles reached by Macready it must be less than 5 per 
eent. The breathing of an atmosphere containing only 10 per 
cent of oxygen, equivalent to an altitude of 19,400 feet, is a 
venture which only a few possessed of unusual resisting power 
ean undertake with any hope of success. 

These facts attest the physiologic significance of the devices 
which have been perfected to supply oxygen successfully in 
the flights at great altitudes. In addition to the respiratory 
problems are the perhaps less formidable but nevertheless im- 
mediate needs of conserving body temperature in the cold en- 
vironment of the higher atmosphere. In this respect, too, the 
difficulties have been overcome. The mastery of the upper air 
has involved not only the perfeetion of the devices for loco- 
motion but also the successful establishment of a physiological- 


ly endurable environment in the immediate vicinity of the avia- 
tor while he is being transported through the thin, cold air of 
far away heights. 


Jour. Amer. Med. Assn. Oct. 22, 1921. 























Notes on Educational Pictures 


The Pathe Exchange has made a notable advance in carefully 
prepared films for schools and other educational institutions in their 
Pathe Screen Studies. The following subjects are in circulation and 
are accompanied Ly printed folders called “Teacher’s Aids.” 
“Athletic Movemeiits Analyzed” (2 reels) 

“Felling Forest Giants” (1 reel) 
“Yosemite—Valley of Enchantment” (2 reels) 
“Br’er Rabbit & His Pals” (1 reel) 

“Animal Camouflage” (1 reel) 

“Birds of Prey” (1 reel) 

“Mollusks” (1 reel) 

The National Non-Theatrical Motion Pictures Inc., 232 West 38 
Street, New York City, with exchanges, has announced that they are 
ciculating east of Mississippi a series of some hundreds of educational 
pictures. These include “Park’s Popular Science Series” one reel 
each; “Peter’s Text Film Courses” one reel each, as well as films on 
biclogy, and some of the subjects produced by the United States De- 
partment of Agriculture. They also have selected dramas and pic- 
tures on Americanization. 

A 5-reel picture, “The Porcelain Lamp,” made for the Cole Motor 
Car Co., depictingthe story of gasoline engines and motors and a his- 
tory of transportation can be obtained free from the National Non- 
theatrical Motion Pictures Incorporated. 


The official agency for New York and New Jersey, The Port of 
New York Authority, has prepared for limited circulation an excellent 
four reel picture dealing with the commercial facilities, the industries, 
the railroads, etc., which center around New York Bay, and the river 
emptying into it. This subject can be‘had upon request from the of- 
fice of the commission at 11 Broadway, New York City. 

Charles F. Herm, Inc., whose office is at 220 West 42 Street, New 
York City, announces the scientific series of twelve subjects dealing 
with embryology, blood circulation, optics and hygiene. The films are 
either offered for sale or for limited rental in the East. 


Book Reviews 


Science for Beginners.—Barber, Fuller, Prior and Adams—537 
pages—320 illustrations—Henry Holt & Co. 

“This book is in effect a simplification for younger pupils, of the au- 
thors, First Course in General Science.”” While a reduction in vol- 
ume from 607 to 537 pages has been made, it still has an abundance 
of excellent material for a solid one year course. Some rewriting has 
been done to simplify and to bring the matter up to date and an im- 
provement is noted in the illustrations by the substitution of new and 
— cuts. Many users of the first book will welcome this abridged 

ition. 


General Science—Edgar A. Bedford—Allyn & Bacon—387 pages— 
296 illustrations. 

Another good text. The subject matter is important and inter- 
esting. It covers well a variety of science topics over a wide field. It 
is not an abridged course in physical science as some of our texts 
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have been, but includes a fair amount of biological material. An at- 
tempt is made at using the project-problem method, but from our 
point of view the same mistake has been made that Van Buskirk and 
Smith made in labeling the chapters “projects.” Experiments are in- 
cluded with the texts in appropriate places. Individual projects and 
references are suggested at the chapter ends. 


Junior General Science—D. R. Hodgdon—340 pages—240 illustra- 
tions—Hinds, Hayden and Eldredge. 

Junior General Science is an adaptation of the author’s popular 
Elementary General Science for use of elementary pupils. The chap- 
ter headings are the same as in the former book except that the chap- 
ter on “Machines and Work” is omitted entirely in this new book. 
Some new material is added for example, three pages of drawings on 
air movements and the aeroplane. Otherwise the material in Junior 
Science seems to be the same as in Elementary General Science, but 
with portions of the text and illustrations omitted. There is not as 
much of the text omitted as the reduction in size (533 pages to 340 
pages) indicates, because considerable of the text material is put 
in smaller type. The new volume has enough material for the aver- 
age class in the first year of high school, especially if given with lab- 


oratory or demonstration work, and it is far better for the elementary 
school than the former book. 


Civic Science in the Community.—Geo. W. Hunter and W. G. Whit- 
man—432 pages—300 illustrations—American Book Company. 

Civic Science in the Community is a general science text covering 
the science problems of the community as: Advantages of community 
—natural resources; weather and climatic conditions; water—relation 
to power, food, forests—water supply; community care of citizens— 
pure foods; fighting spread of disease—insects and disease—removal 
of wastes—street lighting—safeguarding life and property—educa- 
tion and recreation; Transportation on water, on land, in air—good 
roads—automobile—gas engines; communication; improvement of life 
on the earth—plants and animals—the human race. 

The book is written in simple language and a style interesting to 
8th and 9th grade pupils. Each chapter opens with a list of problems 
and projects. Essential experiments are described where needed in 
the text. A number of score cards if used compel pupils to study real 
things and conditions in his community. A carefully selected biblio- 
graphy closes each chapter. The book easily lends itself to the usu- 
al formal teaching but the progressive teacher who wishes to under- 
take project teaching will find the project suggestions particularly 
helpful. The book will stimulate thought, and has a strong influence 
toward ethical character building and better citizenship. It can be 


used as a complete unit, but is better to follow “Civic Science in the 
Home.” 





Science in Junior High School—Edna W. Bailey—55 pages—in 
University High School Journal for October, 1921—published by 
University of California, Oakland, California—25 cents. 

A committee of Oakland teachers have developed a three year course 
in general science for the 7th, 8th and 9th grades. The ninth grade 
plans are the only ones treated in detail in this report by Mrs. Bailey. 

“The committee feels that the best justification for the course of- 
fered herewith is two-fold: 

(1) The topics chosen speak for themselves, embodying interests 
which are common, vital and compelling for all of us, because 
we are human beings living in a civilized community. 

(2) The work as tried out during the last three years has proved 
itself the sort of thing that Oakland children like to do and 
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do well. Even under many handicaps the cooperation of 
classes has been most encouraging and stimulating to all 
those who have worked with them. In a sense this outline is 
the work of Oakland boys and girls, quite as much as that of 
Oakland teachers. 
The material presented is selected for its social and practical val- 
ues, and yet is commonplace, so that the everyday things may stand 
revealed as the wonders they really are.” 

Besides the very full and valuable outline, suggestions for field 
trips, a bibliography and list of library science books complete the 
report. The value of score cards is indicated by two examples: One 
for a building lot, the other for a bakery. 

The main topics in the outline are: 


Building a Home in Oakland. 

Water Supply and Sewage Disposal. 
Lighting. 

House Construction and Labor. 

Use of Home Grounds. 

Foods and Drugs. 

Recreation. 

Bacteria and Communicable Diseases. 
Transportation. 

Communication. 

Man’s Place in the Animal Kingdom. 


ASSO ODD 


The Educational Value of Certain eben Materials and Ac- 
tivities in Science—Morris Meister—175 pz 50—Pub. by au- 
thor. Teachers College, Columbia University, N. y C. 








This is a report of an investigation carried on through a period of 
years to determine what out-of-school activities are of scientific value 
and methods of obtaining the greatest good from such activities. The 
data were obtained from trial and observation with classes in the 
Speyer School and the Horace Mann School in New York. Much 
space is given to the commercial prepared sets of chemical and me- 
chanical and electrical materials, as chemcraft, structo and meccano. 
The interesting history of these sets is given as well. 

Attention is given to boy reaction to out-of-school activities and an 
attempt was made to measure achievement of results derived from 
such activities. There is a chapter devoted to discussion and conclus- 
ions and a most valuable chapter on “The Science Club and the 
Science Play Shop.” The final chapter gives a “Summary of Import- 
ant Features and Findings of the Dissertation.” 


Loose Leaf Laboratory Manual—Bruce Pub. Co., Milwaukee, No. 
1, 35c. No. 2, 45c. 

These manuals are adapted to pupil records in a variety of subjects 
and contain spaces with appropriate headings which help pupils to 
keep a neat and accurate record of experiments performed in the 
laboratory. No. 2 is quite similar to No. 1 but has an additional 
sheet one page of which is ruled for graph records. The manuals 
submitted have sheets for records of twenty-five experiments. 


Bibliography of Tests for Use in Schools—278 titles—10 cents— 
World Book Company. 

A Brief Treatise on Standard Tests and Measurements—W. C. 
Ferguson—World Books Company. 

These pamphlets will be of great help to get acquainted with the 
latest essential school equipment—standard tests. 








Science Articles in Current Periodicals 


AERONAUTICS 

Airplane vs. battleship, Rev. of Rev. 64:429. Oct, 1921. 

Germany’s potential air force, Rev. of Rev. 64:4380. Oct. 1921. 

Aircraft accidents, Rev. of Rev. 64:552. Nov., 1921. 

The “ZR-2’s” fatal flight, P. W. Hanna, Pop. Mech. 36:499. Oct., 
1921. 

The revival of the monoplane, IIl., L. d’Orcy, Sci. Am. 125-A:111. 
Dec., 1921. 


AGRICULTURE 

Helping the farmer’s business, Rev. of Rev. 64:445. Oct., 1921. 

The new craft of making plants to order: in increased crops, IIL, 
J. L. Collins, Gar. Mag. 34:40. Sept. 1921. 

The new craft of making plants to order: the first crop, IIL, J. 
L. Collins, Gar. Mag. 34:152. Nov., 1921. 

Synthetic agriculture, J. Vendelmans, Sci. Am. 125:81, July 30, 
1921. 


ALBANIA 
Geography of Albania, Ill. Earnest Nowack, Geog. Rev. 11: 
503-540, Oct., 1921. 


ASTRONOMY 
Huge mercury mirror brings Mars within one-half mile of earth, 
R. A. Mackie, Ill. World. 36:536-8 Dec., 1921. 
Have we neighbors in space, I. L. Smith, Sci. & Inv. 9:600. Nov., 
1921 


Mirror to bring Mars close, Sci. & Inv. 9:601. Nov., 1921. 


ATMOSPHERE 
Some effects of the earth’s atmosphere upon sunlight, Isabel M. 
Lewis, Sci. & Inv. 9:482. Sept., 1921. 


AUTOMOBILE 

The future of the automobile industry, Rev. of Rev. 64:440. Oct. 
1921. 

Why you should buy a used car. H. F. Blanchard. Pop. Sci. 
Mo. 96:5:34. Nov., 1921. 

Why you should buy a new car, S. P. McMinn, Prop. Sci. Mo. 
96:6:80. Dec., 1921. 

A steam automobile of 1862, Sci. Am. 125-A:103. Dec., 1921. 


BASEBALL 
Why Babe Ruth is the greatest home-run hitter, Ill., H. S. Ful- 
lerton. Pop. Sci. Mo. 99:4:19-23. Oct., 19931 


BIOLOGY 
Burbank changes a wild grass into corn, R. H Moulton, Ill. World. 
35:993. Aug., 1921. 


BIRDS 
Inviting the birds, Ill., E. H. Parry, Gar. Mag. 34:74-76. Oct., 
1921. 
Planting now for birds the year through, Gar. Mag. 34:77. Oct., 
Birds and vegetables vs. cats and caterpillars, E. M. Patch, Gar. 
Mag. 34:93. Oct., 1921. ° 
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BooMERANG 
Why the boomerang comes back, P. A. Vaile, Ill. World. 36: 
235, Oct., 1921. 


BRIDGES 
The world’s greatest bridge, Ill., Herbert T. Wade, Rev. of Rev. 
64:187-193. Aug., 1921. 
Some aspects of bridge architecture, Ill., E. G. Lindenthal. Sci. 
Am. 125-A:22-24. Nov., 1921. 


BUTTERFLIES 
Butterfly breeding ranch run by Maine woman. Sam E. Conner, 
Pop. Mech. 36:903. Dec., 1921. 
Many insects display sense of property ownership. Pop. Mech. 
36:922. Dec., 1921. 


BURROUGHS 
Side lights on Ford and Edison as seen by Burroughs, Cur. Opin. 
71:742. Dec., 1921. 


CENTRIFUGAL FORCE 
Applied in industry, Pop. Sci. Mo., 96:6:58. Dec., 1921. 


CHEMICAL WARFARE 
Incendiary devices. Ill. A. B. Ray, Jo. of Ind. and Eng. Chem., 
13:714-722. Aug., 1921. 


CHEMISTRY 
Chemistry and the state, F. P. Carvan, Jo. Ind. and Eng. Chem., 
13:866-873, Oct., 1921. 
Fireproofing solutions on cotton fibre, R. L. Sibley, Jo. Ind. and 
Eng. Chem. 13:676. Aug., 1921. 
Phosphorus: the backbone of life, George H. Dacy, Sci. Am. 
125-A:108, Dec., 1921. 


City PLANNING 
Chicago makes her dream come true, S. J. Duncan-Clark. II. 
World. 36:198. Oct., 1921. 


CREAM SEPARATOR 
Origin of the cream separator, Lit. Dig., 70:12:24, Sept. 17, 1921. 


DEVIL-FISH 
The truth about the devil-fish. Ill. William Crowder, Sci. Am., 
125-A:538. Nov., 1921. 


EDISON 
Edison questionaire. Sci. Am. 125-A:16-17. Nov., 1921. 


EINSTEIN THEORY 
Hudson Maxim’s anticipations of Einstein. Cur. Opin. 71:636. 
Nov., 1921. 


ELECTRIC FANS 
Aeronautics affects electric fan designs. Ill. Carl Palmblad. 
Pop. Mech. 36:884-5. Dec., 1921. 


ELECTRICITY 
Thawing frozen pipes electrically. A. H. Scott. Pop. Mech. 
36:766. Nov., 1921. 
One-million-volt current transmitted. Pop. Mech. 36:656. Nov., 
1921. 











We Are Now Able to Furnish 


DEMONSTRATION 
ANEROIDS 


Which Have Been Off the Market for 
Several Years at Pre-War Prices 


Aneroid Barometer, Demonstration Form. This 

is a very desirable and useful instrument 

which should be in every laboratory. By 

simply blowing in or drawing out the air by 

means of a rubber tube the effect of the atmos- 

pheric pressure upon a barometer is clearly 

$15.00 demonstrated. This barometer is handsomely 

mounted and finished and makes a very ac- 

curate instrument to hang up in the schoolroom for 
daily barometric observations. 


ADDITIONAL NEW ITEMS OF INTEREST 


In Stock for Immediate Delivery 








No. 2013. $2.00 


A self-lighting 
Bunsen burner 
which is. lighted 
merely by press- 
ing the button. A 
great convenience 
especially for the 
lecture table. 





No. P7383. $35.00 


A High Grade Astronomical Telescope of French 
make with 40mm objective, with which observations 
can be made of both terrestial and celestial objects. 
With it the rings of Saturn, the phases of Venus, 
the satellites of Jupiter, and the topography of the 

Moon can be readily observed and studied. A spec- 
No. 13733. $0.50 ial attachment is supplied for observations of the 


, Sun. 
rherm om e- 


ter Reading At- 


tachment with CENTRAL SCIENTIFIC COMPANY 


curate reading of 
thermometers may (Lake Shore Drive, Ohio and Outario Streets) 
be made for pre- 


cise work. CHICAGO, ILLINOIS 
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The science of electric welding. Ill. W.E. Ruder. Jo. Fr. Inst. 
192:561-588. Nov. 1921. 

Power at a million volts. Lit. Dig. 71:4:21. Oct. 22, 1921. 

When more voltage means more distance. Charles P. Steinmetz. 
Sci. Am. 125-A:59. Nov., 1921. 


ENERGY 
Source and future possibilities. A. D. Little. Jo. Ind. and Eng. 
Chem. 13:882. Oct., 1921. 


EXPLORATION 
Where “last discoverers” are seeking new riches. Ralph Perry. 
Pop. Sci. Mon. 96:6:24. Dec., 1921. 


FABRICS 
Fabrics under the microscope. Ill. L. A. Housman. Sci. Am. 
125-A:35-37. Nov. 1921. 
Electrolytic water-proofing of textile fabrics: the Tate process. 
Ill. H. J. M. Creighton. Jo. Fr. Inst. 192:597-510. Oct., 
1921. 


FIRE PREVENTION 
How to promote fire prevention day and week. Am. City. 25: 
289. Oct., 1921. 


FORESTRY 
Use reforestation activities. Ill. C. F. Carter. Sci. Am. 125- 
A:106-7. Dec., 1921. 
Forest fires—a national problem. Ill. Wallace Hutchinson. Am. 
For. 27:675-683. Nov., 1921. 


Foop 
A defense of oleomargarin. Lit. Dig. 71:3:19. Oct. 15, 1921. 
__. Sanitation in food preservation. E. O. Jordan. Jo. Home Econ. 
13:297-301. July 1921. 
The banana and its uses. William A. Murrill. Sci. Am. 125-A: 
118. Dec., 1921. 


FRUIT 
One reason why some fruits don’t fruit. Gard. Mag. 34:98. 
Oct., 1921. 
If you are growing fruit. E. J. Farrington. Gard. Mag. 34: 
83. Oct., 1921. 


GARDENS 

Summer Gardens. Gard. Mag. 33:298-329. July, 1921. 

Sea shore gardens. Gard. Mag. 34:178-184. Dec., 1921. 

Seed sowing chart for the western gardener. T. J. Steed. Gard. 
Mag. 34:185-6. Dec., 1921. 

Growing ferns in the home. Ill. E. I. Farrington. Gar. Mag. 
34:29. Sept., 1921. 

My gallant garden of the earliest spring. L. E. Keller. Gard. 
Mag. 34:14. Sept., 1921. 


GEOLOGY . 
Geology in partnership with American industry. Geo. O. Smith. 
Jo. Fr. Inst. 192:623-635. Nov., 1921. 


GLA 


Ss 
Unbreakable glass. Cur. Opin. 71:667. Nov., 1921. 

















TEN FEATURES OF THE 
NEW CIVIC SCIENCE SERIES 


1. The science is that of everyday life; 
making many practical applications 


2. The story of science principles and development is 
entertainingly told; 
holding of interest 


3. The descriptions are elementary and clear; 


well adapted to a beginner 


4. Contacts with actual things and conditions are se- 
cured ; 
giving the subject vital force 


Actual conditions are disclosed by means of the score 
eard ; 
inviting improvement 


on 


6. Problems are fixed in pupils’ minds at the start; 
focusing the attention on the important things 


7. Real project work is aided by pointed suggestions; 
allowing original development by pupus 


8. An ethical attitude is encouraged; 
insuring the strengthening of character 


9. The scientific method is used; 
leading to habits of ‘‘straight thinking’ 


10. Ideal home and community conditions are diseussed ; 
suggesting for each pupil an ideal of personal 
conduct and citizenship 


Civic Science in the Home lem 
Ci > o e ° th C ° ( 432 pages 
Ivic Science in the Community 4 300 ius. 
By G. W. HUNTER d W. G. WHITMAN 
Knox College = Salem Normal School 


Either book is a complete unit and may be used independently of the other but 
together they make a splendid series in two years of science for boys and girls 
twelve to fifteen years of age 


AMERICAN BOOK COMPANY 


NEW YORK CINCINNATI CHICAGO BOSTON ATLANTA 
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GYROSCOPE 


Giant gyroscopes stabilize ocean liners. Geo. F. Paul. Pop. 
Mech. 36:552-6. Oct., 1921. 





HEALTH 
Is leprosy curable? Rev. of Rev. 64:329. Sept., 1921. 
HEATING 
¥ Fuel conservation in the home. A. H. Scott. Ill. World. 36: 
429. Nov., 1921. 


HoME ECONOMICS 
Physical and biological chemistry in the service of home econo- 
— Agnes F. Morgan. Jo. Home Econ. 13:586-591. Dec., 


HORSES 


Breeding horses for the nation. L. A. Beard. Rev. of R 
64:298. Sept., 1921. et ee 


| House BUILDING 
Asbestos building material. Pop. Mech. 36:735. Nov., 1921. 





HuMIDITY 
Ventilation, humidity and the healthful home. Ill. World. 36: 
412. Nov., 1921. 


r HYGIENE 

| From opium to hasheesh. Carleton Simon. Sc. Am. 125-A:14. 

Nov., 1921. 

Poisoning with food. Lit. Dig. 70:13:21. Sept. 24, 1921. 

Woman’s friend, the corset. Lit. Dig. 71:6:20. Nov. 5. 1921. 

About blood pressure. Lit. Dig. 70:14:23. Oct. 1, 1921. 

An experiment in teaching health. Velma Phillips. Jo. Home 
Ecom. 13:489. Oct., 1921. 

oe | yellow fever with fish. Rev. of Rev. 64:551. Nov. 
1921 





The eternal triangle of plague—rat, flea, man. H. W. D. Pierce. 
Am. City. 25:469-471. Dec., 1921. 


INSECTS 
Fighting gipsy-moth in N. J. Harry W. Weis. Am. City, 25: 
295. Oct., 1921. 
Some wood boring insects. Ill. F. J. Seaver. Am. For. 27: 
769-772. Dec., 1921. 


» INDIA 
The marble dams of Rajputan. Ill. Eleanor Maddock. Nat. 
Geog. Mag. 60:469-499. Nov., 1921. 


LIGHTING 
Some difficulties in school lighting. Frank H. Wood. Trans. 
Ill. Eng. Soc. 16:117-187. Aug., 1921. 
A focus-indicator for headlights. L. O. Grondahl. Trans. IIl. 
Eng. Soc. 16:164-172. Aug., 1921. 
Street lighting in Stamford, Conn. W. D. Jennings. Am. City. 
25:400-2. Nov., 1921. 
The adequate and attractive lighting of city streets. L. A. S. 
Wood. Amr. City. 25:465-8. Dec., 1921. 























AN ELEMENTARY GENERAL SCIENCE 


By DANIEL RUSSELL HODGDON, Sc.D., LL.D. 


For the first years of the High School or 
Junior High School 


The book is organized around one central theme 
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The ‘‘Socialized,’’ ‘‘Project’’ and ‘‘Problem’’ methods form 
the backbone of the lesson presentation 


HODGDON’S JUNIOR GENERAL SCIENCE 
For Junior High School or the Grades 


This book is designed to prepare pupils to think and reason in 
the environment in which they live. The author’s experience 
in grade teaching and supervising grade instruction has pre- 
pared him to write a usable book expressed in understandable 
language. The many thought questions provide for individu- 
ality on the part of the pupil. 


HINDS, HAYDEN & ELDREDGE, Inc. 
New York Philadelphia Chicago 
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LOCOMOTIVES 
Characteristics of the electric locomotive. N. W. Storer. Jo. Fr. 
Inst. 192:453-568. Oct., 1921. 
Some mechanical characteristics of high-speed and high-power 
a Ill. A. W. Gibbs. Jo. Fr. Inst. 192:469-496. 
ct., 1921. 


LOWER CALIFORNIA 
Lower California. W. M. Davis. Geog. Rev. 11:551-562. Oct., 
1921. 


Maps 
A map’s other name is Ananias. Ill. C. H. Claudy. Sci. Am. 
125-A:124-5. Dec., 1921. 


MILK 
The quality and price of milk. Am. City. 25:379-381. Noyv., 
1921. 


MOTION PICTURES 
Motion pictures in natural colors. Ill. World. 35:1021-2. Aug., 


MT. Everest 
Mount Everest’s defiance. Lit. Dig. 71:4:34. Oct. 22, 1921. 


MUSHROOMS 
Common American mushrooms. Ill. R. W. Shufeldt. Am. For. 
27:579-587. Sept., 1921. 


NATIONAL MONUMENT 
The Bandelier National Monument. Ill. W. C. Barnes. Am. 
For. 27:562-574. Sept., 1921. 


NATURE STUDY 
Nature study in our public schools. Ill. R. W. Shufeldt. Am. 
For. 27:717-724. Nov., 1921. 


ORGAN 
Mechanism of the pipe organ. Ill. J. F. Springer. Sci. Am. 
125-A:118-116. Dec., 1921. 


PACIFIC 
Islands of the Pacific. Ill. J. P. Thompson. Nat'l Geog. Mag. 
60:548-558. Dec., 1921. 


PARKS 
Nature’s splendor in national parks. W. S. Donaldson. I. 
World. 35:946-950. Aug., 1921. 


PHOTOGRAPHY ' 
Making natural color motion picture films. William V. D. Kel- 
ley. Trans. Ill. Eng. Soc. 16:159-163. Aug., 1921. 


Post OFFICE 
Humanizing the post office department. Will H. Hays. Ii. 
World. 386:515. Dec., 1921. 
The human side of the postal service. Ill. Will H. Hays. Rev. 
of Rev. 64:625-640. Dec., 1921. 


POWER ; ; 
Hitch your engine to a volcano. lit. Dig. 71:4:19. Oct. 22, 
1921. 


Grouping our power plants. R. G. Skerrett. Sci. Amer. 125-A: 
30-31. Nov., 1921. 











SCIENCE FOR BEGINNERS 


AN INTRODUCTION TO 
THE MerHop AND MATTER OF SCIENCE 
By DELOS FALL, D.Sc., 


A text in introductory science that gives a grounding in the fundamen- 
tals. The approach to the subject is through the experience of the child; 
the subject matter is interesting and highly useful; and the scientific 
method is carefully followed and taught. No attempt has been made to 
present a mass of information. Each topic is carefully developed so that 
the class acquires a knowledge of scientific procedure that permits of 
much more rapid progress in all the sciences subsequently studied. The 
book deals principally with physics and chemistry as the sciences under- 
lying all scientific work. The purpose of the text is to make the student 
familiar with the method of science and to present the basic facts and 
principles that are needed by the beginner in any science. 


Adopted by the states of Utah, Kansas, Oregon, and Oklahoma 
and many independent districts. 


xii +. 388 pages. Illustrated. Price $1.68 


WORLD BOOK COMPANY 


Yonkers-on-Hudson, New York 2126 Prairie Avenue, Chicago 























BARBER’S 


SCIENCE FOR BEGINNERS 


JUST PUBLISHED 
BUILT ON SUCCESSFUL EXPERIENCE 
VERY SIMPLE 


INTERPRETS THE PUPIL’S ENVIRONMENT 
INTERESTING 
LOGICAL 
EFFECTIVE 





Full information furnished on request 
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RADIUM 
Ore to capsule—History of radium. Ill. Pop. Sci. Mon. 96:6: 
70. Dec., 1921. 


Rats 
Forcing the rat to affect its own extinction. Cur. Opin. 71: 
779. Dec., 1921. 
Roaps 


What shall we do with our earth roads? H. H. Edwards. Amer. 
City. 25:300. Oct., 1921. 

Tours and detours. J. M. Bird. Sci. Am. 125-A:6-8. Nov., 
1921. 


SHIPS 
From trireme to dreadnought. Ill. J. B. Walker. Sci. Amer. 
25:300. Oct., 1921. 
The new marine salvage system. Ill. Sci. Amer. 125-A:22-23. 
Nov., 1921. 


SILHOUETTE 
A master of the silhouet. Il]. Cur. Opin. 71:510. Oct., 1921. 


SouND 
The loudest explosion on record. Cur. Opin. 71:784. Dec., 1921. 


SuGaR 
The story of sugar. Ill. A. L. Dahl and R. Gotthold. Sci. 
Amer. 125-A:128-130. Dec., 1921. 


Sun DIALS 
Courting the sunny hours. Ill. G. B. Arthur. Gar. Mag. 34: 
138. Nov., 1921. 


SouTH AMERICA 
Through jungles in Equador. H. E. Anthony. 
Over the Andes to Bogota. F. M. Chapman. 
Scenes in South America. 
Buenos Ayres and its river of silver. Wm. R. Barbour. Nat’l. 
Geog. Mag. 60:327-422. Oct., 1921. 


TIDES 
Tide tables. H. Artariner. Geog. Rev. 11:406-413. July, 1921. 


TRANSPORTATION 
Railroad use motor busses. Pop. Sci. Mo. 96:6:28. Dec., 1921. 
How a ship finds its way across the trackless ocean. E. A. Mc- 
Cann. Ill. World. 36:530-532. Dec., 1921. 
Trackless trolleys in New York. Lit. Dig. 71:9:25. Nov. 26, 


1921. 

Electric traction. Frank J. Sprague. Jo. Fr. Inst. 192:291-326. 
Sept., 1921. 

Railroading with gasoline. Com’l Am. 18:2:29. Aug., 1921. 


TREES 
Trees for city planting. Carl Bannwart. Am. City. 25:367-370. 
Nov., 1921. 
The pines of the South. (Ill) J. S. Illick. Am. For. 27:551- 
559. Sept., 1921. 
What our Christmas trees are. Ill. J. S. Illick. Am. For. 27: 
739-747. Dec., 1921. 





Magazine List 


American City. The Tribune Building, N. Y. C. Monthly. $4.00 a 
year, 50c a copy. The science problems of city and rural com- 
munities are treated in numerous articles, well illustrated. A 
valuable student and teacher reference. 

American Forestry. Washington, D. C. Monthly. 40c a copy, $4.00 
a year. Splendid pictures for plant and tree study. 

Commercial America. Phila. Com’l Museum, Phila., Pa., $2.00 a 
year. Ill. Commercial production. New Inventions. Will in- 
terest Commercial geography and science teachers. 

Current Opinion. 65 W. 36 St., N. Y. Monthly. 35c a copy, $4.00 a 
year. Has a regular department “Science and Discovery” con- 
taining articles of popular interest, adapted to pupil or teachers. 

Country Life, The New. Garden City, N. Y. Monthly. 50c a copy, 
$5.00 a year. Stands at the head of publications dealing with 
life in the country. Special interest to the general reader and 
has many articles on gardening and plant study valuable for 
school use. 

Experimental Science. 1311 G St. Washington, D. C. Monthly. 15c 
a copy, $1.50 a year. An interesting boys’ magazine. Strong on 
wireless. 

Garden Magazine. Garden City, N. Y. Monthly. 25c a copy, $3.00 
a year. Ill. Helpful to amateur gardeners, teachers and pupils. 

General Science Quarterly. Salem, Mass. Quarterly. 40c a copy, 
$1.50 a year. The only journal published devoted alone to science 
in the elementary and secondary schools. It tells what schools 
are doing in science, gives lesson plans, demonstrations, and an 
extensive bibliography of usable articles in current periodicals. 

The Geographical Review. Broadway at 156th St., N. Y. $1.25 a copy 
$5.00 a year. Devoted to scientific geography. Original maps 
and pictures. One department contains condensed items of topics 
of current interest. 

The Guide to Nature. Sound Beach, Conn. Monthly. 15c a copy, 
$1.50 a year. Ill. Of interest to elementary pupils and teachers 
of nature study. 

Illustrated World. Drexel Ave. and 58th St., Chicago. Monthly. 25¢ 
a copy, $3.00 a year. Many short articles on applications of 
science and mechanics. Popular in style and attractive to ele- 
mentary and high school pupils. 

Journal of the Franklin Institute. Philadelphia, Pa. Monthly. 50c 
a copy, $6.00 a year. Ill. A technical journal. Contains many 
articles of value to science teachers. 

Journal of Home Economics. 1121 Cathedral St., Baltimore. Monthly. 
25c a copy, $2.50 a year. For teachers. 

The Literary Digest. 354 Fourth Ave., N. Y. Weekly. 10c¢ a copy 
$4.00 a year. Has a department “Science and Invention.” 
Articles are mostly digests from other journals. They are popu- 
lar in nature and suitable for high school pupils. 

Journal cf Industrial and Engineering e rwe Box 505, Wash- 
ington, D. C. Monthly. 75c¢ a copy, $7.50 a year. A technical 
journal which contains much material which teachers can use. 

National Geographic Magazine. Washington, D.C. Monthly. 50c a 
copy, $3.50 a year. Best monthly journal for high grade pic- 
tures. Articles are of interest to general reader, pupils and 
teachers, as well as to geographers. 
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Jelesca 
oe J 
VITAMINES 
Vitamine symposium. Jo. Ind. & Eng. Chem.  13:1102-1116. 
Dec., 1921. 


VOLCANOES 
Our greatest national monument—Katurai in Alaska, Ill. 12 
pp. in color. Robert F. Griggs. Nat’l Geog. Mag. 60:219- 
292. Sept., 1921. 


WEATHER 
Is our climate changing? W. Whitney. Ill. World. 36:549. 
Dec., 1921. 
What made the weather so hot this summer? Sun spots. Ill. 
H. D. Hubbard. Pop. Sci. Mo. 99:4-26. Oct., 1921. 


WIRELESS 

— the greatest wireless ready. Cur. Opin. 71:661. Nov., 
1921. 

Running the world by wireless. D. Wilhelm. Ill. World. 36: 
524. Dec., 1921. 

Whispering magic—The navy’s wireless. Donald Wilhelm. IL 
World. 36:202. Oct., 1921. 

News and Music from the air. P. Boucheron. Sci. Am. 125-A: 
104-105. Dec., 1921. 


Woop 


Home building and wood preservatives. Ill. A. N. Pack. Am. 
For. 27:575-578. Sept., 1921. 


WATER SUPPLY 


Reinforced concrete reservoir at Perth Amboy. MII]. Geo. A. 
Johnson. Am. City. 25:451-455. Dec., 1921. 


X-Ray 
Recent advances in the production and application of x-rays. IL 
J. S. Shearer. Jo. Fr. Inst. 192:585-598. Nov., 1921. 














Sargent’s Handbook of 
AMERICAN PRIVATE SCHOOLS 


An Annual Survey and Review describing PRIVATE SCHOOLS of all classi- 
fications and SUMMER CAMPS for Boys and Girls. 

A Compendium for Educators 

A Guide Book for Parents, supplying intimate information, which makes pos- 
sible adiscriminating choice. 

Comparative Tables give the relative Cost, Size, Age, Special Features, etc. 

Introductory Chapters review interesting Developments of the Year in educa- 
tion. 

Educational Service Bureau will be glad to advise and write you intimately 
about any School or Camp in which you are interested. Write full par- 
ticulars. 

Consultation by appointment. Circulars and Sample Pages on Request. 


7th edition, 896 pp. $4.00 Postpaid. 
PORTER E. SARGENT, 14 Beacon St., BOSTON, MASS. 

















432 GENERAL SCIENCE QUARTERLY 


Nature Study Review. Ithaca, N. Y. Monthly. 20c a copy, $1.50 a 
year. An illustrated journal for teachers of nature study. 


Popular Mechanics Magazine. Chicago. Monthly. 25c a copy, $3.00 
a year. Short science items and articles well illustrated. Ap- 
peals strongly to elementary pupils. Suggest many construction 
projects. 

Popular Science Monthly. 255 West 39th St. N. Y. C. Monthly. $3.00 
a year, 25c a copy. A Review in text and pictures of the news 
of science and invention presented in a humanistic and inspira- 
tional way. Used as a supplement to text-books in many high 
schools. Valuable to science pupils and teachers. 


Review of Reviews. 30 Irving Place, N. Y., N. Y. Monthly. 35c a 
copy, $4.00 a year. An illustrated monthly covering world af- 
fairs. Contains many good articles bearing on science, suitable 
for class reports. 

Safety Engineering. 80 Maiden Lane, New York. Monthly. $3.00 a 
year. 25c acopy. A journal devoted to conservation of life and 
property and contains much material helpful in science classes. 

School Science and Mathematics. Chicago. Monthly. $2.50 a year. 
A teacher’s journal. Includes many helpful suggestions. 

Scientific American. Woolworth Building, N. Y. Monthly. 35c a 
copy, $4.00 a year. Has longer articles than the other popular 
science journals. Illustrated and is particularly valuable to high 
school science pupils and teachers. 

Science and Invention. 233 Fulton Street, N. Y. Monthly. 25c per 
copy, $2.50 a year. Ill. Popular articles on astronomy, physics, 
Sane, radio-activity, medicine, and in fact, science in gen- 
eral. 

Scientific Monthly. Garrison, N. Y. 50c a copy, $5.00 a year. Ar- 
ticles as a rule are more along lines of pure science. Much of 
we to teachers. Articles can be read to advantage by many 
pupils. 

The Screen. 114 West 44th St., N. Y. Monthly. 10c a copy. $1.00 
. year. Articles on use of motion pictures and descriptions of 
films. 

Transactions of the Illuminating Engineering Society. 29 W. 39th St. 
N. Y. Monthly. $1.00 a copy, $7.50 a year. Technical. Many 
articles contain material which can be used in high school classes. 

Visual Education. 806 W. Wash. Blvd., Chicago. Monthly. 15¢ a 
copy. $1.00 a year. Discusses films, film making and the vari- 
ous visual aids for school use. 

Woman’s Home Companion. 381 Fourth Ave., N. Y. C. Monthly. 
$2.00 a year. Good articles on foods and homes. 
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